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HISTORY OF CANADIAN SURGERY
JA M ES K E R R , 1848-1911 AND HARRY HYLAND K ERR, 1881-1963:
P IO N E E R CAN ADI AN -AM ERICAN SURGEONS
ROSS MITCHELL, M.D., LL.D.® and T. KENNETH THORLAKSON, M.D.,
F.R.C.S.[Eng. & C], F.A.C.S., W innipeg, Man.

was an adventurous Irish gradu
ate who became imbued with the revolution
ary ideas of Lister, emigrated to Nova Scotia
and made a name for himself. He won the
friendship of William Osier and Francis J.
Shepherd, married a cousin of Alexander Gra
ham Bell, heard Lister lecture at Philadelphia
and travelled to Germany to see the applica
tion of his principles. He moved to Montreal,
then to Winnipeg where at 34 he was chosen
by his colleagues to head a new medical
school. He moved to Washington, D.C. and
became Professor of Surgery at Georgetown
University and later at George Washington
University. His son, Harry Hyland Kerr, was
born in Winnipeg. He studied at McGill Uni
versity, and the Montreal General and Royal
Victoria Hospitals. He served in World War
I as executive to Harvey Cushing and was ap
pointed Professor of Clinical Surgery at
George Washington University. Both father
and son distinguished themselves by their con
tributions to surgery and by their devotion to
the good of mankind.

J a m es K e r r

D r . J a m e s K err

On Decem ber 14, 1848, James Kerr, son
of Abraham and Isabel Gilliland Kerr, was
born at Roselick, Port Stewart, County An
trim. At Coleraine Academical Institute he
received a good grounding, obtained his
M.A. degree at Dublin, and his M.D., M.S.
from Queen’s University, Belfast, in 1870.
In his final year he served as “dresser’
under Professor William MacCormac, one
of the first surgeons in Ireland to apply
Listerian principles to surgery.
Possessed of a gay adventurous spirit,
James Kerr practised briefly in Antrim,
served as locu m tenens at Bicester in Ox
fordshire, England, and also in South
Wales, until he joined the army, serving
as medical officer on a troop ship carry“Winnipeg Clinic, 205 Vaughan St., Winnipeg,
Man.

ing the 42nd Highlanders, “The Gallant
Black W atch”, to the Gold Coast of
Africa. H e volunteered for active service,
but when the troops arrived resistance
ceased. The story is told that on the way
out the ship was followed by a school of
sharks. An officer remarked that a man
overboard would stand no chance. Kenreplied that sharks, unless very hungry,
never attacked a man who has not been
wounded. The discussion becam e heated
and to prove his point Kerr dived in and
was picked up unharmed!
L ife as a ship’s surgeon appealed to
him and he made several trips to Canada.
However, during one of these voyages on
the S.S. Austrian, he made the acquain
tance of Miss Laurie Jane Bell (whose
father, David, was a noted Dublin elocu
tionist) and decided to settle down.
In 1874 Kerr was chosen as surgeon of
the Londonderry Iron Mines Lim ited, lo
cated at Acadian Iron Mines, 16 miles
north-west of Truro, Nova Scotia. (The
Londonderry area had been settled in
1761 by Colonel McNutt’s retainers from
Londonderry, Ireland, near Kerr’s boyhood
home.) In 1874 two blast furnaces for
making steel were put into operation at
the mines. Applying Listerian principles to
surgery, Kerr soon made a name for him 
self and won the friendship of W illiam Os
ier and Francis J. Shepherd. H e also b e
came Coroner of Colchester County. It is
interesting that the signature on death cer
tificates was that of Adams G. Archibald,
Lieutenant-Governor of Nova Scotia; in
the light of later events, it is significant
that Archibald had been the first Lieuten
ant-Governor of Manitoba, 1870 to 1871,
and encountered criticism there because of
his acknowledgment of aid offered by Riel
and his Metis when the Fenians threatened
to invade Manitoba.
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Dr. Kerr and Miss Bell were married fronting the lake”. They took the train to
on July 26, 1876, in Brantford, Ontario, St. Paul, then to St. Boniface, the terminus,
at the home of her cousin, Alexander Gra whence they were ferried in a scow across
ham Bell; it was in this house that Bell the Red River. Mrs. Kerr was impressed
first demonstrated the possibility of com with the quantity and the quality of the
munication over several miles of wire mud. She also saw and heard how provi
through the medium of his new invention, sions were brought into Winnipeg by the
the telephone.1 Dr. Osier, then Professor
Red River Train”, “a creaky line of carts
of the Institutes of Medicine, was best man that groaned through the town”.
at the wedding. For their honeymoon the
Kerr became surgeon to the Canadian
couple went to the Centennial Exposition Pacific Railway, Medical Health Officer to
at Philadelphia where they heard Joseph the City of Winnipeg at a salary of $1200
Lister speak on “Antiseptic Surgery” at an per annum, and Health Officer for the
International Congress of Medicine. The Province of Manitoba at $600. Out of the
young doctor noted that Lister’s address latter sum he was required to indemnify a
was not greeted with enthusiasm. Soon competent person to board trains at Emer
after he travelled to Germany where the son to ascertain whether any one aboard
leading surgeons, unlike those of London, was suffering from epidemic disease.
had eagerly adopted Lister’s principles. On
As C.P.R. surgeon he visited the hot
his return, he found that the supply of springs at Banff and recommended that
iron ore at Londonderry was becoming the railway company should build a hotel
exhausted; he therefore decided to move to there. As Medical Health Officer for Winni
Montreal, although his stay in the Acadian peg he was impressed by the prevalence of
Iron Mines from 1874 to 1880 had been typhoid fever caused by drinking untreated
pleasant and enriching.
Red River water. He urged that a well be
In an address years later to a graduating dug to supply the Winnipeg General Hos
class in medicine at Washington, D.C., pital in the west of the city. A plentiful
Professor Kerr adjured the young men to supply of water was found on hospital
acquire the habit of keeping notes of their property and served the hospital for many
cases: “The most profitable years of my years.
life were spent in a mining town and my
In his capacity as Medical Supervisor of
success there, and whatever measure of the Indians, a Federal appointment, he was
success has attended it since, is attributed called to visit a band of Indians affected
very largely to the habit there practised of with smallpox. With him he took a supply
making daily a record of cases.”
of vaccine but the Indians refused to be
vaccinated until their fears were allayed
by a Roman Catholic priest. On examining
F r o n t ie r M ed ic a l H e a l t h O f f i c e r
the Chief, Dr. Kerr found that he had a
In Montreal the Kerrs met such distin stone in his bladder and suggested that he
guished medical men as James Bell, G. E. be admitted to hospital in Winnipeg for
Fenwick and T. G. Boddick. Mr. C. J. operation. The Chief, accompanied by a
Brydges, Land Commissioner of the Hud number of his braves, did so and Dr. Kerr,
son’s Bay Company, called Dr. Kerr’s at assisted by Dr. A. H. Ferguson, removed
tention to the opportunities in Winnipeg, the calculus.
the new city on the main line of the Cana
In association with Drs. J. S. Lynch and
dian Pacific Bailway, then under construc
R. J. Blanchard, Dr. Kerr started a clinic
tion in the Canadian Northwest. The young
surgeon came out to Winnipeg at a time with an office on Main Street, the first
when a real estate boom was imminent. attempt at group practice in Winnipeg.
In 1881 the construction of a railroad
He secured a site at 201 Donald Street,
bridge
across the Red River focused atten
near the present Metropolitan Theatre, ar
ranged for the construction of a brick resi tion on Winnipeg. There was a rush of
dence and sent for his wife. He met her at settlers to the city and land values soared.
Duluth, “a little town with one long street A spirit of buoyancy was in the air. In
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order to provide accommodation for an in
flux of patients, the Winnipeg General
Hospital moved west and the construction
of modem buildings began.
F irst D ea n o f M edical School

With no Canadian medical schools
nearer than Toronto and Montreal there
was opportunity for a new school in Win
nipeg, which then had a population of
25,000. The vast majority of its citizens
had been in the West less than 10 years
but had become imbued with its extraor
dinarily progressive spirit. The University
of Manitoba had been established in 1877,
through the union of St. John’s, St. Boni
face and Manitoba Colleges, thus bring
ing together three denominational colleges

as a single examining and degree-confer
ring body.
A medical graduate, son of the Lieuten
ant-Governor of the province, after studying
abroad, arrived in Winnipeg with the idea
of starting a proprietary medical school.
Some Winnipeg doctors joined him but the
majority formed a committee to request a
charter from the provincial government
with the intention of preventing the forma
tion of the proposed proprietary medical
school. The charter committee appointed
Dr. James Kerr chairman, although he was
only 34 at the time. He stated that an ac
ceptable basis for a new medical school
involved only two principles: that the
founders should be the established medical
men of the province, and that the Univer
sity of Manitoba must set the standards
and grant the degrees.
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Fig. 2.—First page of subscriptions.

Six days later another meeting, which
included rural practitioners, decided to re
quest a charter from the Manitoba Govern
ment to establish a medical school, and the
Provincial Secretary, Dr. D. H. Wilson of
Nelson, promised to see the bill through
the Legislative Assembly.
Even after this decision had been made,
many of the doctors were averse to assum
ing the responsibility of teaching medicine
until they were fully convinced of the
necessity. However, when a petition signed
by a long list of aspiring medical students
was submitted, their hesitation vanished,
and even though the real estate boom had
burst, they determined to go on. In the
words of Dr. Kerr in his first Inaugural
Lecture as Dean: “What would be pre
mature and perhaps impossible to other
countries becomes here justifiable and even
necessary.” This Inaugural Lecture to a

Winnipeg audience on November 15, 1883,
given in the Education Office at Portage
and Main Streets, was surprisingly modern
in its tone.
Accommodation for teaching had been
found in the Central Public School at
William and Ellen, near the Winnipeg
General Hospital, and for anatomy in a
near-by cottage. Classes in the first Cana
dian medical school west of the Great Lakes
started at 8 a.m. on November 16. Clinical
work was carried on in the Winnipeg Gen
eral and St. Boniface Hospitals. Dr. Kerr
and members of the faculty canvassed suc
cessfully for subscriptions to a new build
ing and this was ready for occupancy in
the following year (Figs. 1 and 2). Although
the members of the new medical faculty
were young they had considerable talent.
Dr. J. W. Good became the first physician
in the Canadian West to specialize in dis-
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eases of the eye, ear, nose and throat (Fig.
3). Dr. J. R. Jones had studied under the
renowned neurologist, Hughlings Jackson. Dr. R. G. Brett founded a sanatorium
in Banff and, in 1915, became LieutenantGovernor of Alberta. Dr. A. H. Ferguson
became a master surgeon in Chicago.2

217

which time Dr. Kerr performed three ma
jor operations there.
In March 1885, Dr. Kerr made a twoweeks’ tour of the field of operations in
an open buckboard (Fig. 4). The icy winds,
rain and snow brought on an attack of
acute articular rheumatism and nephritis.
From the latter Dr. Kerr never fully re
covered and this chronic illness was largely
responsible for his decision to move to a
warmer climate. He was offered a position
as the first Professor of Surgeiy at Johns
Hopkins University, where his friend,
William Osier, was Professor of Medicine,
but he objected to the restrictions that
would be placed on him. On the advice of
Alexander Graham Bell, he moved to
Washington, D.C. in January 1888.
Before leaving Winnipeg Dr. Kerr was
honoured at a number of banquets. Dr.
J. P. Pennefather, editor of the Manitoba,
North West and British Columbia Lancet,
wrote; “A man may well be proud who can
command such sincere testimony, not
alone to his abilities as a professional man,
but to his moral and social worth.”
SuBGICAL AND PBOFESSIONAL
A t t a in m e n t s

Fig. 3.—Dr. James Kerr, left, and Dr. J. W.
Good, first and second Deans.
R ie l ’s S a sk a tc h ew a n

R e b e l l io n

In the early spring of 1885 the Metis,
led by Louis Riel, rebelled for a second
time. The focus of the uprising was along
the South Saskatchewan River north of
Saskatoon. The young men of Canada
sprang to arms and many medical students
enlisted. One of the University of Manitoba
medical students, a son of Dr. R. B. Fergusson, a faculty member, was killed in
action. Dr. T. G. Roddick, Professor of
Clinical Surgery at McGill, was chosen as
Deputy Surgeon-General to supervise
medical arrangements in the field. Dr.
Kerr was appointed Surgeon-Major to have
command of the base hospital located in
the Winnipeg General Hospital, with Dr. F.
H. Mewburn as his assistant. This military
ward remained open for a year during

James Kerr’s training at Belfast under
an eminent surgeon who adopted Lister’s
principles almost as soon as they were
enunciated, and his visit to German hos
pitals where he saw those principles put
to the test, were responsible for his success
as a surgeon. In addition he was daring
and resourceful. He was appointed first
Professor of the Principles and Practice of
Surgery in the University of Manitoba’s
new School of Medicine. In Winnipeg he
performed many successful operations: re
moval of a bullet from the knee joint, re
moval of a bladder stone, relief of intus
susception in the young son of a colleague
and excision of the patella for osteomyeli
tis in 1885. This last patient is still living.
He also advocated the use of sphagnum
moss as a surgical dressing.
In 1890 James Kerr was appointed chief
of the surgical clinic of the Emergency
Hospital and Central Dispensary, Washing
ton, D.C. “This is considered the highest
surgical appointment in Washington.”3
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Fig. 4.—March 1885. Surgeon-Major James Kerr, right rear, in uniform.

This appointment brought him wide ex
perience in the management of trauma. He
made significant contributions in the treat
ment of injuries to the bladder, liver and
other organs. He is credited with being the
first surgeon in Washington to operate for
intussusception, to perform a cholecystec
tomy, and to excise a Gasserian ganglion.
In 1892 he became Professor of Surgery
at Georgetown University but retired in
1894. In 1895 he was appointed to the staff
of the National Medical College, now
George Washington University, but he re
tired in the following year because of fail
ing health.
As a teacher Kerr warned against the
temptation to undertake surgical proce
dures lightly even though “methods pro
tect us from many dangers that attended
operations of former times”. He also inti
mated that disease in one part of the body
must not lead a physician to forget to con
sider the condition and function of every
system of the body. “The highest function
of scientific surgery is the salvation of
parts, not their removal by the knife.”
In “Georgetown University, the Middle
Years (1840-1900)”, Joseph T. Durkin, S.J.
wrote (p. 123); “One of the most color

ful of the district’s medical men would be
Dr. James Kerr who would be Professor
of Surgery at Georgetown for several years
beginning in 1892. He was, attests the his-
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torian of Providence Hospital, a strict dis
ciplinarian in the operating room, if not
actually autocratic. He always made a big
production out of an operation and was in
the habit of throwing instruments while
thus engaged.”
After relinquishing professional duties
he continued in private practice until in
1907 he bought an estate at Warrenton,
Virginia, which he nostalgically called An
trim. There his early love of horses led
him to breed hunters and steeplechasers.
He died at Antrim on February 2, 1911.
Perhaps Berryman, the famous tum-ofthe-century cartoonist, caught the true
spirit of the man (Fig. 5).

Fig. 6.—Dr. Harry Hyland Kerr, Washington,
D.C.
D r . H arry H yland K err
As James Kerr had rare qualities of mind
and heart, so these qualities must have
descended to his son, Harry Hyland Kerr,
who was born in Winnipeg on April 30,
1881. After the family moved to Washing
ton, Harry came under the influence of his
father’s friend, William Osier, who as Pro
fessor of Medicine at Johns Hopkins Uni
versity was often summoned from Baltimore
to the neighbouring city. On his advice the
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young man took his medical course at Mc
Gill University. After graduating in 1904,
he spent two years in training at the Mont
real General and Royal Victoria Hospitals
where he organized the first skiing club.
He then had a year of surgical experience
in England, France and Germany.
Returning to Washington he became as
sociated with his father and Dr. Edward
M. Parker in the practice of surgery. The
two younger men set out to devise a safer
method of intestinal resection — an opera
tion which at that time carried a high
mortality. Working in the laboratory of the
Army Medical Museum they devised a
basting-suture technique, which consisted
of a Cushing continuous suture to maintain
occlusion of clamped intestine until the
anastomosis was completed.4 The adoption
of this technique and its principle signifi
cantly reduced the mortality of intestinal
resection. Dr. Kerr later adapted this tech
nique to pylorectomy.
On January 1, 1910, Harry Hyland Kerr
married Dorothy Beatrice Glass, also born
in Winnipeg. She was a granddaughter of
David Glass, Q.C., M.P. for East Middle
sex 1872 to 1884, Mayor of London, On
tario, and Speaker of the Legislative As
sembly of Manitoba in 1888, and daughter
of Chester Glass, Q.C., of London, Winni
peg and Spokane.
In World W ar I he volunteered for serv
ice in Europe and served in the combat
areas of France, gaining much experience
in the treatment of war wounds. He made
a special contribution to the management
of neurological injuries, all of which came
under the care of Harvey Cushing. He re
turned to Washington with the rank of
Lieutenant-Colonel and became a consul
tant at Walter Reed General Hospital
where he took an active interest in rehabili
tation. In 1919 he described to the South
ern Surgical Association the after-treat
ment of gunshot wounds of the head and
the use of an osteoperiosteal graft tech
nique adopted at the Walter Reed Hos
pital. A quarter of a century later, in April
1941, he addressed this Association again,
as its President, under the title “Once
Again”, and called upon his country to
provide the best possible medical care of
American wounded in Europe.
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Dr. Harry Hyland Kerr was the first
trained neurosurgeon in the Washington
area. His World War I experience stimu
lated a continuing study of head injury
problems. He studied the clinical and path
ological processes of brain abscess and
urged early and adequate drainage, for
which he devised an effective drainage
tube. He published work on neurological
methods to relieve pain and, in 1932, re
viewed his own experience in surgery of
the sympathetic system. He performed a
number of periarterial sympathectomies
for causalgia, Raynaud’s disease, and inter
mittent claudication, but gave up this meth
od in favour of ganglionectomy, an opera
tion which he also used effectively in the
treatment of angina pectoris and of retin
itis pigmentosa. Patients with facial nerve
palsy following the surgical treatment of
mastoiditis were referred to Dr. Kerr. He
reported several successes following nerve
grafting.
Dr. Kerr’s writings manifest his great in
terest in gastrointestinal surgery. He re
ported his clinical experience with spon
taneous ruptured esophagus, volvulus of
the stomach (the first description in the
English literature), syphilitic gastric ulcer,
and hemangiosarcoma of the stomach,
tuberculoma of the cecum, and Hirsch
sprung’s disease of the colon. A personal
case of a patient with gastrointestinal
hemorrhage from the biliary tract aroused
his curiosity and led him to report this
case with a review of the literature.
Vascular lesions he treated included
aortic embolus and pulsating exophthal
mos. A successful removal of a cervical
cyst led him into a detailed study of the
embryology of this region and a careful
dissection of the larynx of a gibbon. He
reviewed a 25-year experience in the treat
ment of breast carcinoma and reported
four personal cases of Meigs’ syndrome.
Thoracic surgery was included in his scope
and, in 1928, 11 years before Blalock’s first
trans-sternal removal of the thymus for
myasthenia gravis, Kerr extiipated a media
stinal tumour through a “trap-door” sternal
approach that he had devised.
The George Washington University in
Washington, D.C. recognized his talents
by appointing him Clinical Professor of
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Surgery, 1915, Professor of Neurosurgery,
1919 to 1930, Clinical Professor of Surgery,
1930 to 1946. He was associated with the
Providence, Children’s Emergency and
Garfield Hospitals. At the latter hospital
he served as Chief of Surgery from 1932
to 1945. He was the principal organizer
of the group of hospitals which later de
veloped into the great Washington Hos
pital Center. Also he was largely instru
mental in founding the Warwick Memorial
Cancer Clinic at the Garfield Memorial
Hospital. He was a founder and first Presi
dent of the District Chapter of the Ameri
can Cancer Society and Fellow of the
American Surgical Association.
He died peacefully at his summer home
at Nantucket, N.J., on August 3, 1963, and
on September 19, memorial exercises were
held in the Washington Center where Mr.
John Lord O’Brian* delivered a moving
oration. His wife and son Peter (Head
master of Cranbrook School for Boys,
Bloomfield Hills, Michigan) survive him.
To both James Kerr and to his son Harry
Hyland Kerr, these words spoken by Mr.
John Lord O’Brian in his Memorial Ora
tion apply:
“We can hold fast to the thought that
in the broad stream of birth, life and death
there has always been the line of the elect
—a thin line but never broken—the chosen
few whose lives, characters and deeds make
the Great Tradition of human excellence
which carries men forward.”
R eferen ces
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O R IG IN A L ARTICLES
CORONARY ARTERIOPLASTY IN THE MANAGEMENT OF
OCCLUSIVE CORONARY DISEASE0
MORLEY COHEN, M.D., F.R.C.S.[C], F.A.C.S.,
JAROSLAW BARWINSKY, M.D., F.R.C.S.[C], F.A.C.S. and DAVID MYMIN, M.D.,
Winnipeg , Man.

T he therapeutic problem presented by
patients with symptomatic and disabling
coronary atheroma is the greatest single
challenge facing the medical profession to
day.1 According to the American Heart
Association, 25 million people in the United
States have symptomatic coronary athe
roma. Moreover, on the basis of present
techniques, five million of these could
benefit from some form of revascularization
procedure. Although the ultimate solution
of this problem will probably not be sur
gical, some form of operation is worth
while in selected individuals disabled by
this disease. Revascularization procedures
advocated by Vineberg and others2 have
undoubtedly rehabilitated many patients,
and we would agree with the principles
upon which these operations are based. At
the same time a consideration of estab
lished surgical procedures employed in the
treatment of localized arterial obstructions
elsewhere in the body, suggests that a more
direct approach is feasible in selected in
stances.
We believe that in some patients direct
arterial surgery can improve coronary flow
and provide complete relief of symptoms.
Such operations are still very new and the
long-term results of them are unknown
although they have been the subject of
many reports over the past eight years.211
Selective coronary cineradiography is in
dispensable in the evaluation of a patient
with coronary disease; upon it depends pre
operative selection, operative planning and

"From the Department of Surgery, University of
Manitoba, Winnipeg, and St. Boniface General
Hospital, St. Boniface, Man.
An abridgement of this paper was presented at the
annual meeting of the Royal College of Physicians
and Surgeons, January 21, 1966, in Montreal, Que.

postoperative evaluation of surgical results.
In the light of the capricious nature of
coronary symptoms, evaluation of results
without objective angiographic follow-up
studies is probably meaningless.
Material and Methods

This communication describes four
patients in whom direct coronary surgery
was undertaken. These patients were
selected from among 40 individuals who
underwent selective coronary angiographic
studies for a variety of reasons. Our criteria
of selection will be discussed later.
The operative technique employed in
these patients is essentially that described
by Efiler et al-n The heart is exposed
through a midline sternotomy incision and
cardiopulmonary bypass with mild, gen
eralized body cooling (30-32°C.) insti
tuted. The heart itself is further cooled by
aortic cross-clamping and irrigation of the
pericardial sac with iced Ringer’s solution.
By careful study of the preoperative coron
ary angiograms and palpation of the
diseased segments, the sites of atheroma
tous involvement are identified and dis
sected free from the pericoronary fat.
A longitudinal arteriotomy incision is
made beginning above or below the nar
rowed segment and carried through it to an
area where the vessel is relatively normal.
An elliptical patch of autogenous vein
(long saphenous) or pericardium is then
sutured into the arteriotomy circumferen
tially, using 7-0 silk. This acts as a gusset to
widen the artery (Fig. I). Meticulous care
is taken to include all layers of the involved
vessel in the suture to prevent separation of
the diseased plaque by dissection, which
might otherwise occur when circulation is
restored. The insertion of a short length of

222

TH E CANADIAN JOURNAL OF SURGERY

No. 10 or No. 12 F ren ch cath eter into the
affected vessel w ill facilitate the suturing,
particularly at th e upper and lower ends of
the patch.
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Fig. 1.—Diagrams showing patch graft of a
coronary artery.

W hen coronary circulation is restored,
the patch, w hich now constitutes about
one-half the circu m ference of the artery, is
placed under tension and provides addi
tional circum ference for the vessel. The
lumen at the site of the patch is corre
spondingly w ider, despite the fact that the
disease rem ains in the posterior wall of
the artery b en eath it (Fig. ID ).
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short segment of minor irregularity. In the
cine strip collateral vessels were seen, which
communicated between the distal right coron
ary branches and the left anterior descending
artery. In brief, this patient had a dominant
right coronary artery pattern and a marked,
localized narrowing of the right coronary
artery. Although no obstruction of the left
coronary was demonstrated, the small distal
vessels may have been diffusely affected, with
collateral filling from the right side.
The patient was operated upon on Decem
ber 11, 1964. The right coronary ostium was
normal. Palpation of this vessel, more distally,
defined a localized area of atheroma 1.5 to
2 cm. from its origin. The vessel was dissected
out and a vertical incision 2 cm. long was
made through the constricted area. The nar
rowing was due to intimal and medial deposits
of yellow atheroma. Care was taken to avoid
dissecting these deposits from the wall of the
vessel and an elliptical patch of autogenous
saphenous vein was sutured to the edges of
the vessel through all layers.
Postoperatively she did well, except for a
phlebitis in her right leg which prolonged her
hospital stay. Anticoagulants were admini
stered for six weeks after the phlebitis began
and then discontinued. She has had no angina
since operation. Nine months after operation
the coronary angiography was repeated. The
left coronary artery was unchanged but the
area of proximal stenosis in the right coronary

C a se R e p o r t s

C ase 1 .— This 62-year-old woman was seen
in August 1964, because of a three-year his
tory of progressive, recurring chest pain,
squeezing in nature, central in location, radiat
ing to her left shoulder and usually relieved by
nitroglycerin. She was having 10 to 18
episodes of pain daily at this time. The electro
cardiogram showed a right bundle branch
block with some S-T depression in Leads 1
and 2. The precordial leads were interpreted
as showing ischemic changes.
On November 10, 1964, coronary angio
graphic studies were carried out. The left
coronary system was diffusely narrow but no
areas of focal constriction or obstruction were
seen. The anterior descending branches, in
particular, seemed to be diminished in size.
The right coronary artery had an area of
marked narrowing 1.5 cm. from its origin
(Fig. 2 ). Distal to this point there was a

Fig. 2.—Case 1: Selective right coronary angio
gram showing extreme narrowing 1.5 cm. from the
aortic root. There is also some irregularity with
milder reduction of the lumen 1 cm. beyond this
point.
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Fig. 3.—Case 1: Follow-up angiogram nine
months after operation. The narrowing has been
eliminated, the more distal irregularity remains
unchanged.

was no longer seen (Fig. 3 ) . She leads an
active life without angina.
C ase 2 .— This 36-year-old miner first
noticed typical anginal pain while on a camp
ing trip in October 1964. One month later,
the pain became more frequent and at the
time of admission also came on at rest. Nitro
glycerin, although it had been effective

Fig. 4.—Case 2: Preoperative selective angio
gram showing a marked narrowing in the right
coronary artery just proximal to take-off of the
marginal branch.
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initially, now gave little relief. The admission
diagnosis was “impending infarction”. R e
peated electrocardographic tracings were nor
mal. Selective coronary angiograms demon
strated a short segmental narrowing of the
right coronary artery 7 cm. from its origin (Fig.
4 ) . The left coronary artery was patent
throughout and seemed to be free of disease.
He was operated upon on January 29, 1965.
The area of coronary involvement along the
inferior border of the heart was identified by
palpation, and the artery was dissected from
the surrounding fat. This diseased area, which
was just proximal to a major bifurcation, was
incised and the narrowing relieved by a vein
patch 19 mm. in length. Spontaneous sinus
rhythm returned two minutes after release of
the aortic clamp.
His postoperative course was uneventful and
he was discharged symptom-free. Seven
months later, coronary angiography was re
peated. The area of repair is now the site of
slight dilatation (Fig. 5 ) . The artery proximal
to the repair shows a moderate degree of
diffuse, smooth narrowing. W hether this is
due to spasm, progression of the disease pro
cess or is related to the operative procedure
is difficult to determine. The patient has re
turned to full activity and remains well.

Fig. 5.—Case 2: Postoperative film showing a
bulge at the site of the patch graft. The marginal
branch is not seen in this more oblique view be
cause it is overlaid by the right coronary, but was
well seen in the cine films. The area of proximal
narrowing is indicated (see text).
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Case 3 .— A 38-year-old sheet-metal worker
was admitted to hospital on August 1, 1964,
with severe substernal chest pain. Sequential
electrocardiograms over a 10-day period
demonstrated a fresh anteroseptal infarct. He
was treated in the usual fashion, including
anticoagulants and discharged after four
weeks. He returned to work in three months.
At this time he had effort angina, but was able
to continue with his job. Anticoagulants were
discontinued in February 1965.
On March 2, 1965, he awoke with retro
sternal pain radiating to both arms. Electro
cardiographic tracings at this time suggested
further myocardial injury. He was put to bed
again and anticoagulants were started and he
had an uneventful convalescence. His angina
persisted, however, and was more frequent
when walking short distances.
On June 26, 1965, selective coronary angio
graphy was done. In the right coronary artery,
at a point about 5 cm. from the aortic root,
three areas of narrowing were seen rw»r a
distance of 3 cm. (Fig. 6). The left coronary
artery had a short undivided stem. The cir
cumflex branch was normal, but tortuous.
Proximally, a sharply localized area of narrow
ing was seen in the anterior descending artery
as well as some discrete constrictions in its
distal branches. It was our opinion that the
collateral filling of these branches from the
right side would be improved if the disease in
the right coronary trunk was relieved.
Operation was carried out on September 3,
1965. The involvement of the right coronary
artery was considerably worse than that sug
gested by the radiograph in June. In one area
the vessel appeared to be totally occluded by
atheroma. An incision 3.5 cm. long was made
through the involved areas to a distal point
where the vessel appeared to be relatively
normal. The defect was then “roofed over”
with a venous patch. The postoperative
course was uneventful. His attending physician
started him on anticoagulants although this
treatment was probably not necessary.
Since operation he has been free of symp
toms. He was advised not to shovel snow, but
did so within three months of operation.
Case 4 .—A 55-year-old railroad roundhouse
worker noticed the onset of a squeezing, cen
tral, chest pain radiating to his left elbow in
January 1964. This pain occurred only after
meals and he was able to continue with his
job without difficulty if he rested for 30 to 45
minutes after eating. In the spring of 1965, the
pain became more troublesome; it came on
when he hurried as well as after meals. He

Vol. 9

Fig. 6.—Case 3: Right coronary angiogram show
ing three distinct areas of marked narrowing be
ginning 5 cm. down the vessel and involving a
distance of about 3 cm.

was admitted to hospital in the later summer
with frequent attacks of chest pain and ECG
evidence of severe myocardial ischemia. Anti
coagulants and bed rest were instituted and
he was discharged after three weeks.
In November 1965, coronary angiography
was done. The left coronary stem was short
and patent and the major branches of the
circumflex system were also patent. The an
terior descending branch was occluded
proximally (Fig. 7), but distal patency was
demonstrated by collateral filling from the
circumflex branch. The right coronary vessel
showed two significant points of narrowing
(Fig. 7), one 2 cm. from the aorta, the second
2.5 cm. lower down. Again collateral filling of
the distal branches of the blocked anterior
descending branch occurred from the right
side. It seemed worth while to relieve the two
narrowed areas of major obstruction in the
right coronary artery. While awaiting surgery,
this man had a fresh anteroseptal infarct with
classical electrocardiographic changes and
elevation of serum enzymes. He was treated
with bed rest and anticoagulants for six weeks
and then coronary angiography was repeated.
The appearance of the vessels was unchanged
except that the large number of collateral
channels, demonstrated initially, were less well
defined.
Operation was performed on December 22
1965. The right coronary artery was incised
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Fig. 7.—Case 4: The right coronary angiogram is seen on the left. The area of narrowing is
indicated by the arrow. The left coronary angiogram (right) shows good filling of the circumflex and
its marginal branches. The anterior descending branch, which is occluded proximally, can be seen
filling distally from collaterals (extreme right of film). Similar filling can be demonstrated from the
right side in the cine study.

over the two stenotic areas and the defect
patched with a 3-cm . strip of pericardium. His
postoperative course was unremarkable. This
man has been discharged and has returned to
work. He has no angina.
D iscussion

It is still difficult to establish rigid
criteria for the selection of patients for re
constructive coronary artery surgery. If
only patients with a single obstruction in
the main stem of either coronary artery
and a patent, normal distal bed were
selected, very few would qualify. Those
patients who have an open distal coronary
tree in the presence of more proximal
occlusive disease on the left side, which on
coronary angiography fills from collaterals
extending to it from the right coronary
artery, make up a significantly larger seg
ment of those with symptomatic coronary
disease. The relief of severe narrowing in
the right coronary system should improve
this collateral circulation to the left coron
ary system. This improvement can be
demonstrated by postoperative cineradiographic studies.
Other studies12 have shown that if the
calibre of the coronary vessels is reduced
by as little as 30% , significant reduction in
blood flow occurs.

The technique of arteriotomy and patch
ing can be used for either main stem coron
ary artery. The right coronary artery has a
long course in the atrioventricular sulcus
and has relatively small lateral branches,
which need not be disturbed. Once the
right and left main vessels divide into
major branches (marginal anterior des
cending, etc.), this technique may be in
adequate. Effler et al.,n who reported
patching procedures in 31 patients, had no
long-term survivors with disease in the
left anterior descending or circumflex
branches.
Endarterectomy with removal of the
obstructing cores of atheroma, from both
main stem and primary branches, has been
carried out. For a variety of reasons, many
of which are technical, this method does
not appeal to us. With few exceptions, the
coronary occlusive process is more exten
sive than the radiographic studies would
suggest. With endarterectomy, the extrac
tion of extensions of atheromatous cores
into collateral vessels is time consuming
and technically tedious. Furthermore it is
difficult (but most desirable) to leave a
smooth surface, particularly at the distal
end of the area of core removal. Finally
patch grafting is often required to avoid
stenosis at the site of arteriotomy repair.

226

TH E CANADIAN JOURNAL OF SURGERY

At the same time, a large lumen at the site
of arteriotomy may also be undesirable13
because of turbulence and a tendency to
clotting which may occur at such points.
Su m m a r y

and

C onclusions

endarterectomy for angina pectoris, N ew
Eng. J. Med., 2 5 9 : 993, 1958.
6. C annon , J . A ., L o n g m ir e , W . P ., J r .
K a t tu s , A. A.: Considerations of

7.

Four patients are described in whom
direct coronary angioplastic procedures
were done for local atheromatous obstruc
tions. All survived and the longest follow
up is 13 months. Two patients have had
further coronary angiograms since opera
tion.
The purpose of such surgery is the im
provement in distal flow obtained by
elimination of significant narrowing of the
proximal coronary vessels. This improved
flow may be direct into the territories sup
plied by the treated artery, or into other
areas supplied by collaterals.
Coronary arteriotomy and patching with
autogenous vein or pericardium seems pref
able to coronary endarterectomy.
Cardiac bypass with ischemic hypother
mic arrest is a satisfactory method of carry
ing out these procedures.
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R esume
L insuffisance
des
coronaires
(d’origine
ischemique) frappe un nombre considerable
d’adultes. II est possible d’intervenir chirurgicalement sur des regions limitees des principaux vaisseaux coronaires qui sont le siege d’un retrecissement prononce. Les auteurs rapportent quatre
malades qui ont ete traites par ce type d’operation.
Pour le choix des malades et la planification
operatoire, il est indispensable de posseder des
films cineradiographiques detailles pris avant l’intervention. Deux de ces malades ont ete aussi
evalues par des angiogrammes dans un delai allant
jusqu’a un an apres Foperation et une bonne circu
lation a ete constatee aux sieges de l’arterioplastie.
La technique operatoire fait appel a la deriva
tion cardio-pulmonaire avec coeur arrgte en hypothermie et en ischemie. A l’endroit du retrecissement coronarien, on a procede a une arteriotomie
avec une greffe veineuse ou pericardique, pour
elargir la lumiere du vaisseau retreci. On n’a pas
eu recours a Fendarteriectomie.
Tous ces malades ont survecu et ont ete debarrasses de leurs symptomes angineux.
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THE INFLUEN CE OF PANCREATIC DUCT LIGATION ON TH E
COURSE OF E. COLI ENDOTOXIN SHOCK IN TH E DOG*
E. B. de KOOS, B.Sc., W. J. GIBSON, M.D., G. BOUNOUS, M.D. and
L. G. HAMPSON, M.D., F.R.C.S.[C], Montreal, Que.

T he relationship between hemorrhagic and sequently of pulmonary, renal or cardiac
endotoxin shock in the dog has been evalu lesions. Studies on dogs with pancreatic
ated in many different ways. Most in duct ligation not only bring into focus the
vestigators in this field would agree that role that conditions within the intestinal
whether the primary hemodynamic effect lumen may play in the course of human
is hemorrhagic, toxic or cardiac, the final shock, but allow the study of the patho
common pathway seems to lead beyond the logical alterations which often follow pro
vascular bed to the interior of the cell.
longed hypotension.
We have demonstrated in our labora
tories that in dogs irreversibly shocked by
E ndotoxin Shock
hemorrhage, a profound depression of oxy
The shock that follows intravenous in
gen uptake by the intestine occurs after
jection of E. coli endotoxin in normal adult
retransfusion, despite a return of mesen
teric blood flow to normal.1 Evidence of dogs is well known.3- 8 A rapid fall in blood
metabolic breakdown in the tissues was pressure occurs almost immediately and is
shown by a depression of oxidative phos followed by recovery to normal or near
phorylation and nucleotide synthesis in the normal pressures within a few minutes.
mucosa of the small intestine after retrans- The cause of this initial, sudden hypoten
fusion of blood, whereas these processes sion is thought to be the trapping of blood
within the portal system as a result of
recovered completely in the liver.2
Further studies with the specific trypsin - transient hepatic venous constriction, due
and chymotrypsin-inhibitor, Trasylol, re to histamine release.5
A second episode of hypotension de
vealed that dogs shocked in a similar way,
but with the intestinal mucosa protected by velops one to two hours after the injection
Trasylol, did not develop extensive necrosis of endotoxin. This fall, however, is very
and hemorrhage of the intestine classically gradual and spontaneous recovery does not
seen in irreversible shock.8 Despite main occur. At this time the visceral tissues are
tenance of anatomical integrity, markedly pale and ischemic. In the microcirculation
depressed metabolic activity could again there is vasospasm of arterioles and
venules.
be demonstrated. In an attempt to prevent
When the hypotension induced by the
the intestinal lesion, now referred to as
“tryptic hemorrhagic enteritis”, pancreatic endotoxin has persisted for approximately
duct ligation was carried out several days three to four hours, the visceral tissues
before hemorrhage in order to eliminate become hemorrhagic or congested in ap
proteolytic enzymes from the bowel.4 pearance. In the microcirculation at this
Animals treated in this way reacted to time the arteriolar sphincters are dilated
hemorrhagic shock in a totally different and the capillaries congested, a condition
manner from the normal dog, a manner that cannot be distinguished from the
that resembled human shock more closely. changes in irreversible hemorrhagic shock.
When the hemorrhagic bowel lesion was The loss of a portion of the circulating
completely prevented, animals survived blood volume into congested peripheral
what we had previously considered a lethal vascular beds is at least partially respon
shock-inducing procedure, only to die sub- sible for the secondary hypotension asso
ciated with endotoxin.
At autopsy in the dog the intestinal
*From McGill University Surgical Clinic and The
mucosa is congested, hemorrhagic and
Montreal General Hospital, Montreal, Que.
necrotic. The liver is also congested but,
Presented to the Annual Meeting of the Royal
in addition, there is some degree of cellu
College of Physicians and Surgeons of Canada,
Montreal, January 1966.
lar necrosis around the central veins. Simi-
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]ar congestion is observed in the cortices of
the kidneys and in the lungs. Less severe
changes are seen in other organs, such as
subendothelial hemorrhages in the atria
and ventricles of the heart.
The principle damage, however, is in the
small intestine where extensive hemorrha
gic necrosis of the mucosa is found. These
intestinal lesions have been attributed to
hepatic venous constriction with resultant
portal-bed congestion. However, dogs
with chronic end-to-side portacaval shunts
show the same degree of hemorrhagic
necrosis of the small-bowel mucosa that
normal dogs do, although in them, the por
tal venous blood bypasses the liver. These
findings suggest that hepatic venous con
striction is not the cause of the intestinal
lesions. Our previous investigations into
the nature of the intestinal lesions in
hemorrhage shock prompted us to assess
the similar lesion in dogs with endotoxin
shock.
M ethods

Fourteen mongrel dogs with an average
weight of 13 kg. were used. All experiments
were conducted under sodium pentobar
bital anesthesia (30 mg./kg.). The dogs
were divided into two groups: Group I .—
The eight control animals received intra
venous endotoxin (D ifco) in a dose of
3 mg./kg. at the beginning of the experi
ment. Arterial blood pressure was moni
tored through a carotid artery cannula via
a Statham strain gauge using a Grass poly
graph. Cardiac output was determined at
intervals using the dye-dilution method
(Cardio Green). Hematocrit, heart rate,
lactate and pyruvate levels were also deter
mined. Peripheral resistance was calculated
from cardiac output and blood pressure
determinations. Group I I — In the six dogs
in the experimental group, sterile ligation of
the pancreatic ducts was done four to five
days before shock was induced to elimin
ate pancreatic enzymes from the intestinal
tract. Endotoxin was administered as in the
first group and the same parameters were
measured. No efforts were made to resusci
tate the animals. On two occasions, control
and experimental animals were studied
simultaneously.
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R esults

The eight control animals died within
eight hours, the average survival time was
three hours. The average survival time in
the experimental group (six dogs) was not
increased. Average values for the para
meters measured are given in Table I for
both groups.

Fig. 1.—Ileal segments from control (above)
and experimental animals showing lack of exten
sive hemorrhage and necrosis following pancreatic
duct ligation.

The most striking feature in the experi
mental group was the complete absence of
hemorrhagic necrosis and congestion in the
small bowel (Fig. 1). Bowel changes in the
control group were classical and extensive
(Figs. 1 and 2). This complete absence of

Fig. 2.—Antrum, pylorus, duodenum and pan
creas from a control animal. Note extensive bowel
change beginning in the area of the ampulla
(marked with probe).
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P r io r P a n c r e a t ic D u c t L ig a t io n

Blood pressure Cardiac output
Peripheral resistance
( mm.Hg)
(l./min.)
Hematocrit (% )
Lactate (mg.%)
(BP/CO*)
PanPanPanPanPan
creatic
creatic
creatic
creatic
creatic
duct
duct
duct “ P ”
duct “P ”
duct “ P ”
Control^ ligation% Control ligation Control ligation value Control ligation value Control ligation value

....................... 145
133
2.27
2.01
46
48
9.10
7.02
.682
.662
....................... 64
47
.563
.790
1.395
.917 > . l
....................... 94
37
.614
.439
55
49 > . l
27.7
23.4
2.325 .684
< .0 1
....................... 75
31
.500
61
49
35.1
34.5
1.460
....................... 66
27
.404
.415
61
49 < .0 5 35.1
59.6 < .0 5 1.984 1.004 < .0 1
*The apparent discrepancy in the calculation of the peripheral resistance from the average results of the blood pressure and
cardiac output arises because of incomplete cardiac output d ata in some animals,
tAverage of eight dogs,
jAverage of six dogs.

intestinal changes can be achieved in every
dog that has had adequate ligation of the
pancreatic ducts. Some difficulty may be
encountered in isolating the pancreatic
ducts and particularly the minor pancreatic
ducts, which may be extremely variable.
Despite the fact that survival was not
prolonged by preventing the intestinal
lesion, changes in the measured parameters
suggest that the shock was modified to
some degree. While marked hemoconcentration is a feature of endotoxin shock,
there was minimal evidence of hemoconcentration in the experimental group. The
lack of hemoconcentration correlates well
with the minimal evidence of fluid loss
seen in the bowel wall in the experimental
group (Fig. 3). In addition, the calculated

peripheral resistance, which characteristic
ally increases considerably as shock pro
gresses, remained at near-control values in
the experimental group.
While these observations might suggest
a diminution of the endotoxin effect on the
organism, a more rapid increase in the
lactate levels in the experimental animals is
against this suggestion. In addition,
animals in the experimental group had
more severe hypotension during the pro
cedure.
Lower blood pressures and higher lac
tate levels may be due to more marked
response to the standardized dose of endo
toxin as a result of decreased resistance in
animals that had had laparotomy four to
five days previously.

T Lig. 3. Transverse sections of ileum from control animal (right) and experimental animal.
Note extensive edema and intraluminal exudate in the animal that was not protected by pancreatic
ligation. Body weights were comparable.
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D iscussion

The initial hypotension following endo
toxin administration in the dog is due to
hepatic engorgement. While the role of the
hepatic sphincters in the production of
splanchnic congestion during shock has not
been established, it is generally accepted
that this mechanism is important in the de
velopment of the intestinal lesion. We have
been able, in a previous study, to prevent
the intestinal lesions in dogs following
hemorrhagic shock, by prior ligation of the
pancreatic ducts. Similarly in the present
study of dogs in endotoxin shock, intestinal
hemorrhagic necrosis was not seen when
pancreatic enzymes were eliminated from
the bowel.
Prolonged survival following hemorrha
gic shock can be achieved if the intestinal
mucosal necrosis is prevented by excluding
pancreatic enzymes from the gut.4 This in
crease in survival was not achieved in the
present study of endotoxin shock despite
the absence of bowel pathology. Fluid
losses into the bowel wall were minimized,
however, and this was reflected in a lack
of hemoconcentration in animals in the
experimental group (Fig. 3). These ob
servations suggest that in the dog the bowel
lesion is not of prime importance in death
following endotoxin administration. The
concomitant absence of congestion and
edema in the intestinal wall, when mucosal
hemorrhagic necrosis has been prevented,
indicates that the congestion and edema
may represent an inflammatory reaction to
the necrosis, rather than the primary factor
in the production of the intestinal
hemorrhagic lesions, as postulated by
others.
We have been impressed by the bene
ficial effect of pharmacological support of
the myocardium during endotoxin shock.7
Endotoxin may have a direct toxic effect
on the myocardium. It seems reasonable to
assume that the failure of more than one
organ or system, resulting from direct cyto
toxic action of the endotoxin, is responsible
for death in endotoxin shock. The dose of
endotoxin used in these experiments (3
mg./kg.) may have been so rapidly lethal
that any possible benefit derived from the
elimination of the intestinal necrosis and
its secondary effects was obscured.
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C onclusions

Hemorrhagic enteritis following endo
toxin shock is similar to that following
hemorrhagic shock in that both can be pre
vented by the exclusion of trypsin from the
bowel lumen.
Survival following endotoxin administra
tion was not prolonged in these animals
even though the intestinal lesion was pre
vented. While this might suggest that the
bowel lesion is not of prime importance in
death after endotoxin shock, further studies
will be necessary to clarify this point.
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R esume
II est possible de prevenir la necrose et
l’hemorragie de l’intestin grele qui accompagnent
le choc hemorragique experimental, en supprimant
les enzymes pancreatiques de la lumiere intestinale. La prevention de ces lesions se traduit
finalement par la survie des animaux.
Les auteurs ont etudie 1’effet de la ligature du
canal pancreatique sur le type de choc par les
endotoxines. II est possible de prevenir les lesions
intestinales par 1’exclusion des ferments pan
creatiques, mais ceci ne prolonge pas la survie des
animaux. Les resultats de cette manoeuvre permettent de croire que la lesion intestinale a une
etiologie similaire a celle qui est consecutive a
1’hemorragie, mais qu’elle n’a pas une importance
capitale pour expliquer la mort par choc infectieux.
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THROMBOENDARTERECTOMY IN TH E TREATM ENT OF
FEM OROPOPLITEAL OCCLUSIONS'
W O LF SAPIRSTEIN, M .D ., F.R.C.S.[C], F.A.C.S.f M ICHAEL C. BO TTO M LEY, M .B.t
and CLARE B. BAKER, M.D., F.R.C.S.[C], F.A.C.S.,§ Toronto, Out.

T h e surgical management of occlusive ar

terial disease has improved considerably
in the past 15 years. Surgery of the larger
and less mobile vessels within the trunk
has been particularly rewarding.1' 2 How
ever, reconstructive surgery of the smaller
mobile vessels, particularly in the lower
limb, has proved more difficult.3' 4
Thromboendarterectomy was introduced
in 1947 by dos Santos.5 Initial results sug
gested that this procedure should be re
stricted to larger vessels and short seg
ments involved by obstructive disease.6 This
technique was soon eclipsed by the intro
duction of vascular prosthetic material. The
overall poor results with prosthetic bypass
techniques in femoropopliteal atheroscler
osis stimulated us to re-assess the place
of thromboendarterectomy in vascular
occlusions.
C linical M aterial

Seventy-four consecutive patients who
had arteriosclerotic obstruction of the
femoropopliteal arteries, underwent throm
boendarterectomy at St. Michael’s Hospital,
Toronto, from July 1, 1960 to June 30, 1963
(Table I). They were re-evaluated after a
minimum of six months following operaTABLE I .— C l in ic a l D a t a : T h r o m b o e n d a r t e r 
ec to m y

(T E A ) fo r F em o ra l and P o p l it e a l
A r t e r ia l O c c lu sio n

Patients....................................................................
lost to follow-up................................................
Men (40-85 y r .).......................................................
Atherosclerosis localized to extremity................
Coronary and/or cerebrovascular disease..........
Aortoiliac disease....................................................
Diabetes mellitus (4 with gangrene)...................

74
12
49
14
36
35
9
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tion. The maximum follow-up was three
years. Only operations confined to vessels
below the inguinal ligament were included
in this study. Because we have relatively
large transient ward service, 12 patients
were not traced. Approximately 70% of
patients were in their fifth and sixth dec
ades.
On examination, significant occlusive dis
ease in 14 patients appeared to be restricted
to the femoral and popliteal arteries that
we subsequently treated. Thirty-six pa
tients had evidence of cerebrovascular or
coronary artery disease. The presence of
atherosclerotic involvement of the aorto
iliac system was accepted in about 50 %
of patients on the basis of altered femoral
pulses, abnormal bruit, symptoms, or radiographic findings. Nine patients had dia
betes, four of these presented with gan
grene.
Patients were classified into three groups:
(I) severe intermittent claudication which
limited the patient’s ability to work, (II)
impending or incipient gangrene mani
fested by rest pain, skin changes, and ten
derness of the involved extremity, and ( I I I )
frank gangrenous changes. Patients who
did not fit into these categories, e.g. where
symptoms of claudication restricted hob
bies and pastimes only, were excluded from
the study. All patients accepted for recon
structive vascular surgery had preoperative
arteriography.
Surgical T echnique

Operations were performed under gen
eral or continuous epidural anesthesia. The
involved vessel was mobilized with care to
preserve all branches. Endarterectomy was
performed through one- to two-inch longi
tudinal incisions under local arterial or
systemic intravenous heparinization. A
plane of dissection separating the athero
matous disease and associated thrombus
was readily developed, usually in the deep
er layers of the media. A variety of instru
ments, such as curved fine artery forceps,
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endarterectomy curettes of the Cannon
variety, and simple loop curettes were
used as convenience dictated. It was gen
erally possible to perform a complete
femoropopliteal endarterectomy through
three or four such longitudinal incisions
(Fig. 1). Endarterectomy was performed on

Fig. 1.—An atheromatous occluding cast (A)
has been removed from the superficial femoral
artery (B) by endarterectomy, performed through
three longitudinal incisions. Arteriotomies are re
paired by simple running suture without signifi
cant narrowing of the vessel.

branches in addition to the main vessel in
order to obtain a good reflux flow. The intima at the upper limit of endarterectomy
was not sutured.
At the lower end, distal intima was su
tured only if it was readily accessible. We
believe, however, that it is important to
leave a smooth intraluminal surface at this
site, one free of atheromatous ledges or
intimal flaps. To this end we sought to re
move a distal cast during endarterectomy
in which there was gradual thinning out to
a razor-edged terminal margin. Frequently,
this could only be accomplished by blind
dissection and avulsion of the distal cast,
particularly when disease extended into the
distal popliteal artery and its tributaries.
A satisfactory retrograde flow from the pop
liteal artery and the unobstructed passage
of a large-bore catheter into the tibial ar
teries, was taken to indicate that the lumen
was free of obstructing plaques or intimal
flaps. This was confirmed by palpation of
a pulsatile flow in the tibial branches on
re-establishing the circulation. The arter
iotomies were repaired with a continuous
4-0 Dacron suture. No patch grafting was
performed in this series. Postoperative an
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ticoagulant therapy was not used, and early
ambulation was encouraged.
R e su l t s

Each patient was examined and re
assessed by one of the authors. Arteriog
raphy was only performed if, on the basis
of the clinical examination, further recon
structive surgery seemed to be necessary,
that is, when the endarterectomy had
failed. In assessing results, the patient’s
symptoms and the appearance of the limb
were major considerations. Nineteen pa
tients had unequivocal return of ankle
pulses at re-evaluation. Such return, how
ever, was not considered to be an essential
criterion of successful endarterectomy. Ex
cellent pedal pulses have been felt in pa
tients in whom femoral vessel obstruction
has recurred, but in whom a rich collateral
flow is present. An example of such a case
is illustrated in Fig. 2A. On the other hand,
extensive tibial atherosclerotic involvement
(Fig. 2B) may prevent the return of pedal
pulses, despite successful reconstruction of
the main femoropopliteal vessels.

Group I—Intermittent Claudication
(Fig. 3)
Thirty-four patients were seen following
endarterectomy done for severe intermit
tent claudication. Twenty-four were im
proved, 16 had returned to active employ
ment, and eight were asymptomatic
although engaged in sedentary activities
for reasons unrelated to their lower limbs.
One patient, initially improved, had re
gressed to his preoperative state one year
24 FULL
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Fig. .3.—Group I. Results of thromboendarterectomy (TEA) in patients with incapacitating claudi
cation.
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Fig. 2.—(A) Delayed films of the right lower limb, during aortography, illustrates superficial
femoral artery occlusion in patient with excellent pedal pulses. (B) Arteriography demonstrates colla
teral bypass of obstructed tibial arteries in upper third of leg.

after operation. In nine patients, definite
deterioration had occurred, with arteriographic evidence of recurrence or pro
gression of the occlusive process. This
deterioration occurred soon after opera
tion. All required further reconstructive
procedures: subsequent improvement was
obtained in six, no change in two, and
amputation in one patient. These patients
who had secondary procedures are ex
cluded from this study and they are re
corded as failures. Thus, approximately
70% of the patients treated for severe inter
mittent claudication were improved by the
initial thromboendarterectomy. The aver
age follow-up period was 24 months.

(Fig. 4)
Twenty patients underwent thrombo
endarterectomy of the femoropopliteal
arterial system because of impending gan
grene in a lower extremity. Nine have re
mained asymptomatic for periods up to
three years. Four were improved by throm
boendarterectomy, though they still com
plained of claudication pain. In six patients
the condition of the limb deteriorated, de
spite thromboendarterectomy, and ampu
tation was required within one month of
arterial surgery. Three of these amputa
tions were performed distal to the knee
joint. One man in this group died one
month after operation.
Group II— Im pending G angrene
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Fig. 4.—Group II. Results of TEA in patients
with incipient gangrene.

Group II I— Gangrene (Fig. 5)
Of eight patients who presented with
established gangrene, major amputations
were avoided in four by endarterectomy.
The extent of tissue loss in these patients
was limited to removal of gangrenous
digits.
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result of renal failure in a patient with pre
existing chronic kidney disease.
Three patients died 10 to 15 months fol
lowing operation. Two were aged 82 and 85
and had been operated on because of im
pending gangrene. The third man was 70
years old and died 12 months after opera
tion for digital gangrene. These three
deaths were due to acute myocardial infarc
tion. For the purposes of this study, these
patients were classified according to their
peripheral vascular status at time of last
examination.
Local complications were not trouble
some. Superficial wound infections cleared
rapidly on treatment, without threatening
the vascular reconstruction. Arterial disrup
tion and aneurysm did not occur. A signifi
cant number of patients developed depend
ent edema in the limh lasting three to six
weeks, which was controlled with elastic
bandage support. A frequent postoperative
complaint was an area of numbness due to
trauma to the saphenous nerve.
D iscussion

Fig. 5.—Group III. Results of TEA in patients
with gangrene.

Su m m ary of R esults

Of 62 patients available for follow-up,
70% of those with severe intermittent
claudication were improved after an aver
age period of 24 months; 65% of those
with impending gangrene did not require
amputation and four of the eight patients
with frank gangrene were spared major
amputations.
Two patients died in hospital within one
month of operation. A 61-year-old man
died, following a cerebrovascular catastro
phe, three weeks after operation and at
autopsy evidence of acute bacterial endo
carditis was found. The other death was the

The natural course of a ubiquitous dis
ease such as atherosclerosis is difficult to
establish. It has been our experience that
once incapacitating symptoms develop in
femoropopliteal disease, a progressive
downhill course occurs. Less than 5% of
patients show any spontaneous improve
ment over a three-year follow-up. During
this period, approximately one-half develop
limb-endangering impairment of the blood
supply to the lower limbs. The beneficial
effect of endarterectomy on the natural
course of this disease appeal's unequivocal.
The results in this series compare favour
ably with those obtained in bypass prostheses. A failure rate of 50 to 65% during
the first year is reported following bypass
operations with prostheses, with a steady
attrition in the number of patent pros
theses in succeeding years.3’ 7 Failures
occur early following endarterectomy and
there are few occlusions after six months.
This is in keeping with the work of Warren
et a l they demonstrated, radiographically,
a progressive narrowing in the endarterectomized segment during the first postopera
tive year, and little change in calibre of the
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lumen later. We have noted this narrow
ing in cases requiring re-operation; it is so
severe in some cases that the segment may
be reduced to a fibrous cord in less than
six months. In experiments by Economu et
al.,s following endarterectomy the vessel
was involved in a proliferative inflamma
tory reaction. It may well be that adequate
intraluminal pressure, viz., a satisfactory
flow, must follow endarterectomy if fibrous
constriction is to be avoided.
Vessels functioning after endarterectomy
were examined in two patients operated
on for incidental reasons three and five
years following this procedure and did
not show atheromatous degeneration. The
vessels had a white, tough wall and a thin
neointima, in contrast to the progressively
thickening pseudointima found in pros
thetic tubes. There is no tendency to
aneurysmal dilatation, and relatively little
perivascular fibrotic reaction is seen. We
have not seen the development of an ex
tremely rigid vessel reported by others.9
Prosthetic grafts are unsuccessful in situ
ations where the outflow into the tibial
arteries is poor. Endarterectomy is particu
larly useful in these cases. More than half of
the patients with atherosclerotic occlusion
of the distal popliteal and tibial vessels
demonstrated radiographically, obtain an
acceptable result following thromboendarterectomy (Fig. 6 ). Despite the theoret
ical danger of intimal dissection following
blind distal endarterectomy of the popliteal
and proximal tibial vessels, this procedure
is frequently an effective limb-saving ma
neuver in the desperate case with extensive

Fig. 6.—Poor outflow into tibial arteries: results
of TEA in patients with arteriographic evidence
of occlusion of both tibial arteries postoperatively.

235

distal disease. It is our policy to under
take thromboendarterectomy in all patients
threatened with limb loss, even if the
radiographic studies indicate an inadequate
outflow into tibial branches. In a propor
tion of these cases, blind distal endarter
ectomy is rewarded by good tibial outflow.
In other cases, endarterectomy of the su
perficial femoral and popliteal arteries may
result in a more adequate collateral supply
by opening previously obstructed branches.
Opinion has been expressed that throm
boendarterectomy should be restricted to
short segments of diseased vessels. Al
though re-occlusion of a short segment of a
vessel may cause less severe symptoms, we
are unable to demonstrate a difference in
occlusion rate following endarterectomy
that can be related to the length of vessel
treated. At the present time, autogenous
vein bypass grafting appears to be associ
ated with the best prognosis in extensive
femoropopliteal disease. In 20% of patients
in whom the saphenous vein is inadequate
or absent, thromboendarterectomy seems
preferable to prosthetic bypassing.
It is our impression that failure of a by
pass procedure is usually accompanied by
more extensive thrombosis and aggravated
avascular changes. In thromboendarterec
tomy, the major surgical manipulation is
performed on the diseased vessel itself and
re-occlusion, if it occurs, is generally not
more extensive than the original obstruc
tion.
S ummary and C onclusions

Because of limited knowledge about the
atherosclerotic process, the vascular sur
geon is limited to treating symptoms, as
they occur, in a progressively deteriorating
situation. Within this frame of reference,
we feel that thromboendarterectomy has
an important place in the management of
peripheral atherosclerosis. The results of
thromboendarterectomy are superior to
prosthetic vascular replacements in the
lower limb. While autogenous vein bypass
grafting appears, on preliminary reports,
to yield the most satisfactory results in the
femoropopliteal system, we prefer endar
terectomy when the saphenous vein is in
adequate. Endarterectomy is also preferred
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in the ill patient with a short segmental
occlusion, because this operation can be
more expeditiously performed than auto
genous vein bypass grafting,
Our results following thromboendarterectomy justify an aggressive attitude to ex
ploration in limbs threatened with gan
grene, despite radiographic evidence of
severe involvement of the arterial outflow.
This attitude is encouraged by the absence
of accelerated deterioration in limbs where
endarterectomy has been unsuccessful. By
contrast, a frequent result of failed bypass
procedures is a limb more severely
ischemic.
The authors wish to thank Mr. A. Smialowski,
Department of Photography, St. Michael’s Hos
pital, Toronto, for illustrations, and Dr. D. J.
Currie for reviewing the manuscript.
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R esu m e
On a etudie les resultats de la thrombo-endarteriectomie chez 74 patients qui presentaient une
grave occlusion d’origine atherosclereuse des arteres femoro-poplitees. L ’etude des malades dans
un delai variant de six mois a trois ans apres l’operation a permis de montrer que 70% de ceux qui
avaient ete traites pour claudication avaient retrouve leur pleine activite. Treize des 20 malades
traites pour menace de gangrene ont evite l’amputation. Chez quatre malades gangreneux sur huit,
on a pu se contenter de simples amputations des
orteils.
L ’endarteriectomie de l’artere femorale superficielle a permis d’ameliorer la circulation collaterale, malgre la persistance de la pathologie au
niveau des arteres poplitee et tibiale.
L ’endarteriectomie a l’aveugle de la poplitee
ou de la tibiale distale a permis d’ameliorer de
fayon satisfaisante des malades dont l’insuffisance
vasculaire grave relevait de ces vaisseaux.
Les resultats globaux de la methode, particulierement les resultats a long terme, sont plus satisfaisants que ceux qu’on obtient de l’installation
d’une prothese de derivation.

author believes to be the important items from
older literature.
There is considerable detail on the tech
niques of arteriography, coronary artery ana
tomy, coronary arterial anastomoses and the
pathological features of coronary artery dis
ease. The text is free of dogma and conflicting
views are generally presented fairly. The
author clearly states his own views in many
controversial areas.
This is an excellent first book for one who
is new to the field and desires a review in
depth. It will be referred to frequently by the
serious student in vascular surgery, pathology,
clinical pharmacology or radiology. The book
is too detailed for the needs of the under
graduate student in medicine.
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A METHOD FO R THE CONTINUOUS MEASUREMENT
OF NET IONIC FLU XES IN GASTRIC POUCHES0
G. K. W LO D EK , M.D., C.M., M.Sc., F.R.C.S.[C]+ and R. K. LEA C H , B.Sc.,

Montreal, Que.
F or decades the standard experimental
preparation for the measurement of gastric
secretion has been the gastric pouch, from
which fluid is collected by a cannula and
simple drainage. This technique did not
enable investigators to assess the ability of
the stomach to retain an acid solution
against a concentration gradient. Under
certain conditions the parietal cell mass
may be secreting hydrochloric acid bnt,
due to an inability of the mucosa to main
tain its physiological integrity, this acid
may be exchanged rapidly through the
mucosal surface for sodium ions and hence
not be manifested as recoverable gastric
acid. For the accurate measurement of this
important function of the mucosa, a more
physiological experimental method is re
quired whereby a constant volume of fluid
is introduced into a fundic pouch and the
ionic fluxes and volume changes of this
contained solution are measured per unit
time. This communication describes a new
method that allows for the continuous
sequential measurement of pouch volume
and total ionic content without the need
for repeated emptying of the pouch.
Davenport, Warner and Code1 devised
a method for measuring ionic fluxes and
reaffirmed the importance of the gastric
mucosal barrier to sodium ions. This was a
significant milestone in gastric physiology
and, as a result, investigators in the future
can approach the subject with the knowl
edge that in addition to exsorption (secre
tion from animal into pouch), insorption
(from pouch to animal) is an important
and variable function of the gastric mucosa.
Davenport, Warner and Code1 used a
physiological test solution to fill a Heidenhain pouch and over a 30-minute period
recorded ionic fluxes, after they measured

“From the University Surgical Clinic, The Mont
real General Hospital, Montreal, Que. Supported
by Medical Research Council Grant No. M A-1465.
tAssistant Surgeon, The Montreal General Hospital
and Demonstrator in Surgery, McGill University,
Montreal.

directly the volume changes of the pouch
and made corrections for the dead space in
pouches and cannulas. This meticulous
technique had to be repeated sequentially
and required repeated emptyings and
washings of the pouch preparation.
A suitable marker substance would be
an invaluable addition to any technique for
the measurement of ionic fluxes across the
gastric mucosa. Such a substance could be
introduced into a gastric pouch and, by
measuring its dilution in samples taken at
regular intervals, would show the actual in
creases in volume attributable to secretion
into the pouch and would avoid the neces
sity of repeatedly emptying the pouch.
Estimation of electrolyte content of each
sample would allow an accurate measure
ment of ionic changes per unit time. Such a
marker substance has been sought for
many years and would have many advan
tages over current methods. Pouch secre
tion experiments using straight drainage
have inherent errors due to abnormally
long retention of fluid in the mucosal folds,
and fluid trapped in cannulas and pouches
is not recorded as actual secretion. In addi
tion, the classical methods for the straight
collection of gastric juice fail to consider
the insorption that may occur in the normal
stomach. One of the main functions of the
body of the stomach is to retain an acid
solution and allow adequate time for its
mixing with food, and some digestion of
the food. This function of retaining an acid
solution is unique to the mucosa of the
body of the stomach and depends on the
mucosal barrier to the exchange of sodium
for hydrogen ions.2 It can only be assessed
in experiments where a solution fills a
pouch and the ionic fluxes across the
mucosa are measured per unit time.
In more recent work, investigators have
filled and emptied experimental gastric
pouches and assessed volume changes by
direct measurements. This is a tedious pro
cedure and is subject to an inherent error,
namely that distention of a pouch results in
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increased gastric secretions,3 and sequen
tial measurements may be in error due to
this stimulation. An ideal marker substance
would overcome these drawbacks but must
meet many physical and physiological
criteria. It must be a readily soluble, non
irritating, clear, colourless chemical com
pound that could be used in small quanti
ties so as to reduce any osmotic effects, and
be easily and accurately measured by
chemical means. It would have to be non
absorbable, resist digestion by acid or
pepsin, and have no affinity for gastric
mucus.
We postulated that polyethylene glycol"
with a molecular weight of 4000 might
have these properties. This substance has
been used by Swedish investigators to
measure intestinal transit times4 and to in
vestigate gastric emptying times. The vari
ous methods of analysis of polyethylene
glycols have been summarized by Brown;5
we have chosen the turbimetric technique
described by Hyden6 and have found it
satisfactory in over 1000 determinations.
The purpose of the present study was to
test this chemical compound as a marker
substance in gastric-pouch experiments and
to perfect an experimental method for the
continuous measurement of ionic fluxes
across the mucosa in such a preparation.
P r e l im in a r y E x perim e n ts

Preliminary experiments were performed
to assess the effect of acid and pepsin
digestion on polyethylene glycol in vivo
and in vitro. Known quantities of a solution
of polyethylene glycol 4000 (P EG ) were
dissolved in 0.9% NaCl to give a concen
tration of 1.0 mg./c.c. This was incubated
at 32°C. over a 24-hour period, or intro
duced into a watertight Heidenhain pouch
for a six-hour period, while acid and pepsin
secretion was stimulated by protein feeding
and histamine injections. A measurable loss
per six hours of less than 1.0% was re
peatedly obtained. Total recovery was 98
to 100%.
In vitro experiments were performed in
which excess gastric mucus was added to
the solution and consistent results were
obtained.
"Carbowax 4000; Union Carbide Company.
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The basis of our final experimental
method is the use of the marker polyethy
lene glycol 4000 (P E G ) as a 10 mg./c.c.
solution incorporated into a test solution
containing HC1 100 mEq. and NaCl 15
mEq./l., and 0.078 N. mannitol.
M ethod

The animals used in the experiment were
healthy adult mongrel dogs maintained on
a standard kennel diet with supplements of
sodium and potassium chloride. Heiden
hain and Pavlov pouches were created by
the usual technique with meticulous
mucosa-to-mucosa sutures and a stainless
steel cannula was introduced through a
stab wound in the pouch and brought out
through the midline. Following the opera
tive procedure, the dogs were trained to
stand in Pavlov stands and were introduced
into the experiment if the pouch was
physically competent and there was no
excoriation of the skin surrounding the
cannulas. All experiments were carried out
following a 24-hour fast.
The fasting animals were placed in a
Pavlov stand at 8.00 a.m. and a polyethy
lene watertight connector was attached to
the cannula. This was connected to a verti
cal 50 ml. syringe barrel with a three-way
stopcock 10 cm. above the metal cannula.
The plunger of the syringe was introduced
for mixing purposes but was removed
during the experiment to allow the pressure
changes in the pouch to stabilize and to
permit pipetting of samples. Fifty milli
litres of the test solution containing poly
ethylene glycol in a concentration of 10
mg./ml. was then pipetted into the 50 ml.
syringe, introduced into the pouch and
mixed thoroughly by withdrawing and re
introducing 5 ml. samples repeatedly. The
pouch was left undisturbed for 20 minutes
to attain equilibrium and to allow the
effects of distention to dissipate. At the end
of this period the contents of the pouch
were again mixed using 5 ml. volumes and
a 5 ml. aliquot was removed and labelled
as the “zero control” sample. This control
sample was taken as zero time and, at 30minute intervals thereafter, the pouch con
tents were mixed thoroughly using a 5 ml.
volume and a further 5 ml. of pouch con
tents was removed. The aliquots of gastric
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juice were removed at 0, 30, 60, 90, 120,
150, 180, 210 and 240 minutes. After a
reasonable base-line estimation (90 to 150
minutes),
the
appropriate
stimulus,
whether food, histamine or insulin was
administered. At the conclusion of the ex
periment (240 minutes) the pouch was
emptied, and this volume measured and
labelled “post” sample. The pouch was then
washed with two consecutive 20 ml.
samples of the wash solution not contain
ing PEG, and the resultant volume re
corded as “wash volume”. A 5 ml. sample
of this was taken for PEG analysis.
Five millilitre samples of the pouch con
tents were each analyzed with respect to
the following parameters: (1) polyethy
lene glycol concentration, in triplicate,
using the technique of Hyden,6 (2) sodium
concentration by flame photometry, (3 )
potassium concentration by flame photo
metry, (4 ) hydrogen ions by titration using
0.01 N. NaOH with phenolphthalein as in
dicator, and (5 ) chloride ions, in triplicate,
by the method of Schales and Schales.7
Polyethylene glycol determinations were
done by a standard procedure8 using 0.5
ml. of the sample with appropriate dilution
and deproteinization. Automatic diluting
machines were used to ensure accuracy.
Each determination was done in triplicate
with daily standard curves. The average
values of the optical density for the three
determinations on each sample were taken
as a final reading, and the concentrations
of PEG determined from the standard
curve for that day. The dilution between
the standard PEG (10 mg./c.c.) value and
the zero control reading was used to calcu
late the residual volume of the pouch; this
varied from 1.0 to 4 ml. in the majority of
cases and was relatively constant with each
pouch.
At the end of this stabilizing period, the
actual volume of the pouch contents was
taken as being the 50 ml. introduced plus
the residual volume present in the pouch
minus the 5 ml. aliquot removed at zero
time. Thereafter, each half-hour, a sample
was analyzed for PEG, and its dilution, due
to the addition of gastric secretion into the
pouch, indicated the actual increase in
volume that had occurred in the pouch
during that period.
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The amount of polyethylene glycol
added at the beginning of the experiment
was known: 50 ml. of a 10 mg./c.c. solu
tion (total 500 mg.). The amount that was
removed in each half-hour aliquot and the
total remaining in the pouch at the ter
mination of the experiment was measured
and compared to the amount of the PEG
introduced. This was expressed as a per
centage of the recovery of polyethylene
glycol in each experiment, and used to
assure accurate measurement.
The residual volume at the conclusion of
the experiment was not assessed because
the wash samples were collected in the
same container from which the initial 50
ml. of PEG was taken. This permitted a
more accurate assessment of PEG recovery
rates and this value was used to assess the
validity of the experiment.
From these readings, an accurate value
for the ionic pouch content and volume at
each half-hour interval was obtained; the
net ionic fluxes, either gains or losses by
the pouch, were estimated by simple sub
traction from the previous half-hourly
value.
R esults

Seventy-one four-hour experiments were
done to study the ionic fluxes and volume
changes in isolated gastric pouches. Poly
ethylene glycol was used as a volume
marker and the accuracy of the experi
ments was estimated from the total re
covery of PEG.
Figure 1 is a distribution curve of the

Fig. 1.—Frequency distribution. Polyethylene
glycol 4000 (PEG) recovery rates in 71 four-hour
experiments in clogs.
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degree of recovery in these experiments subtracting the total number of sodium,
and shows that in 51 (7 2 % ) of the experi hydrogen, chloride or potassium ions in the
ments the recovery was in the range of pouch at the beginning of each half-hour
98 to 101.9%, and 66 ( 9 3 % ) were in the from the number at the end of the half-hour.
range of 97 to 102.9%. The total average
The reproducibility of this method is
recovery of all 71 experiments was 99.9%. illustrated in Table II, which shows seven
Recoveries of 98 to 101.9% represent identical experiments on one Heidenhainaccurate experiments while values above or pouch dog in which histamine is used as a
below this are subject to volume errors of stimulus to secretion. The average result
3.0 to 5.0 ml. during a four-hour experi lor each half-hour is recorded. In these
ment. An experiment with a recovery of seven experiments on the same animal, the
97 % would have recorded a total secretion average basal (resting) secretion was 0.9
that deviates from the actual measured to 0.5 c.c./30 min. The net result of hydro
secretion by 3.0 to 5.0 ml. over the four- gen-ion flux varied from 94 to 130 micro
hour period. For this reason we have moles and represented a net loss from the
chosen to exclude from future calculations, pouch of from 148 to 188 micromoles/30
experiments having an error in PEG re min. This latter volume assumes that all
covery of over 2% distributed over four the chloride secretion into the pouch was
hours.
due to HC1 secretion; after their secretion
An actual work sheet with calculated into the pouch, more hydrogen ions were
ionic fluxes per half-hour is shown in Table insorbed or exchanged for sodium ions than
I. The net ionic fluxes are recorded in had been secreted under basal conditions.
micromoles and volumes of secretions in
After histamine stimulation, the volume
cubic centimetres. The recovery rate for secreted increased to a peak of 12.7 c.c./
this experiment was 100.6%, that is 500 30 min. with a large content of H+, C l~
mg. of PEG was introduced and 502.8 mg. and K+, but a decrease of sodium ions.
was measured in the recovered solutions.
The total recovered secretion was found to
D iscussion
be 20.0 ml., while the secretion calculated
by using PEG dilution values was 19.92 ml.
The experimental method outlined in
The actual ionic changes are recorded as this communication allows determination
individual net results from the ionic fluxes of the effects of stimuli on the ionic fluxes
for each 30-minute period. Positive values within gastric pouches. It does not restrict
represent a net gain into the pouch, and the investigator to detection of the ionic
negative values a net loss from the pouch content of the fluid leaving the pouch but
contents. These calculations are made by gives an insight into the factors that inTABLK I,—W o r k S h e e t , J u n e 15, 1965, P a vlo v P ouch N o . 5152 ( S h m u l u s = D og F ood
Time
(min.)

Volume PEG
PEG Calculated
c.c.
mq./c.c. mg.
volume
Volume
H+
50 .0
10.0 removed present secreted m Eq./l.

Zero control.......... ........

5.0

9.84

49.20

3 0 ......................... ........

5.0

9.60

48.00

6 0 ......................... ........

5.0

9.01

45.05

9 0 ......................... ........

5.0

8.84

44.20

1 2 0 ......................... ........

5.0

8.62

43.10

1 5 0 ......................... ........

5.0

8.13

40.65

1 8 0 ......................... ........

5.0

7.31

36.55

2 1 0 ......................... ........

5.0

6.32

31.60

240 (post.)............. . . . .

28.5

5.26

149.90

Wash........................ ........
Total ................. ........

41.5
20.0

0.35

14.50
502.80

50.81
4 .81
46.95
41.95
44.70
39.70
40.47
35.47
36.37
31.37
33.26
28.26
31.43
26.43
30.57
30.73
25.73

H+
flux
liEq.

Cl+
conc.
mEq./l.

Cl+
flux
liEq.

Na+
cone.
m E q./l.

Na+
flux
liEq.

at

120

K+
cone.
mEq./l.

m in .)

K+
flux
liEq.

0.81

83.8

1.14

80.0

-

82

105.2

120

26.2
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1.0

1

2.75

72.9

-

98

106.0

325

33.9

416

1.2

11

105.2

21.5

0.77

68.3

-1 3 0

105.2

49

39.9

269

1.3

5

0.90

64.2

-

88

106.0

124

45.0

221

1.4

5

1.89

66.5

198

110.3

343

47.0

152

1.8

16

3.17

71.2

358

118.9

620

47.8

174

2.4

24

4.14

81.0

595

127.6

758

47.3

182

2.8

23

5.16

89.2

670

133.6

843

45.3

198

3.7

42

19.92

Apparent total secretion = 20.0 c.c. Calculated secretion = 19.92 c.c.
PEG recovery rate = 502.8
T -n- x 100 = 100.6%.
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T A B L E II.— D og N o. 9: A verage

Tim e (min.)
0 - 3 0 ..............
3 0 - 6 0 ..............
60 - 9 0 ..............
90 - 1 2 0 ...............
120 - 1 5 0 ..............
150 - 1 8 0 * ............
1 8 0 - 2 1 0 ...............
210 - 2 4 0 ..............

Volume
secreted
(c.c.)
0 .9
0 .6
0 .5
0 .6
0 .7
6 .1
12. 7
9 .0

± 0 .5
dt 0 .3
± 0 .3
±0.3
±0.5
± 1 .2
± 5.5
± 3 .5

of
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S even E xperim en ts — H eidenhain P ouch , I onic F lu x e s
M icromoles/3 0 m in .

H+
flux
- 9 4 ± 165
- 1 1 9 ± 130
- 1 1 4 ± 50
- 1 3 0 ± 32
- 1 2 2 ± 50
886 ± 101
2035 ± 690
1442 ± 799

H + loss
(estimated)
178

±
±

86
95
148 ± 92
180 ± 42
188 ± 37
129 ± 102
88 ± 160
31 ± 102
150

CP
84
31
44
50
66
1015
2125
1473

±
±
±
±
±
±
±
±

N a+
85
16
41
41
73
106
850
600

172
186
169
170
169
119
51
21

± 48
± 62
± 46
± 170
± 85
± 135
± 98
± 94

in

K+
10 ± 8
4 ± 15
4 ± 12
2 ± 8
2 ± 5
30 ± 6
50 ± 19
18 ± 10

■"Histamine acid phosphate 0.5 m g./kg. given at 150 min. s.c.

teract to produce the final secretion. It
must be understood that the final gastric
secretions are the result of secretion into
the pouch and exchanges across the
mucosa. It is reasonable to assume that
these two functions are partly dependent
on each other so that the ability to secrete
acid into the lumen may be affected by
the capacity of the stomach to retain an
acid solution. Physical, chemical and
physiological alterations of the mucosal
barrier to the exchange of hydrogen for
sodium ions will ultimately affect the total
acid efflux from a gastric pouch but it must
be recognized that this need not be a
primary effect on the ability of the parietal
cell mass to secrete acid. These two func
tions, acid secretion and ability to retain an
acid solution, may be controlled or affected
by different mechanisms.
This differentiation can only be made by
using a physiological animal preparation
in which the in situ ionic fluxes can be
measured with the aid of a satisfactory
volume marker. The addition of radioiso
topes to such an experimental preparation
will allow one to measure accurately the
individual unidirectional ionic fluxes.

and is the first compound that meets all
requirements. Its use permits the measure
ment of sequential ionic and volume gains
or losses within secreting gastric pouches,
and avoids the necessity of repeated empty
ing or draining of the pouch.
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Resume
C onclusions
An experimental method for the mea
surement of net fluxes of ions and volume
changes in gastric-pouch experiments has
been reported that is accurate and repro
ducible. The method will increase the
accuracy of experiments concerned with
ionic fluxes and advance our understand
ing of the physiology of gastric secretion.
Polyethylene glycol is an ideal substance
for use as a volume marker in these studies

II s’agit de la mise au point d’une nouvelle tech
nique pour la mesure sequentielle des echanges
ioniques se produisant dans des diverticules
gastriques isoles de chiens ( petit estomac de
Heidenhain et Pavlov). Cette methode utilise le
polyethylene glycol comme marqueur volumetric: ue
au cours de letu de de la secretion gastrique. Les
auteurs ayant procede a 71 experiences, exposent
1 applicability et la surete de cette methode.
Celle-ci presente de nombreux avantages sur
les methodes utilisees anterieurement pour etudier
la secretion gastrique: elle permet notamment au
chercheur de mesurer les effets des stimuli sur
la secretion acide et d’etudier le pouvoir de
1 estomac de retenir line solution acide.
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INTRALOBAR PULMONARY SEQUESTRATION
J. E. LEDDY, M.D., F.R.C.S.(Edin. & C ), F.A.C.S.,t
A. BECKER, B.Sc., M.D., C.M.,-t G. MONKS, M.D., F.C.C.P.8 and
H. E. EMSON, M.A.,
Saskatoon, Sask.

T he term “intralobar pulmonary sequestra
tion” was applied in 1946 by Pryee1 to an
intrapu lmonary mass separated from the
bronchial tree and supplied by an abnormal
artery directly from the aorta. Following
his description the condition gained general
clinical recognition, though earlier descrip
tions of it exist. Since 1946 similar con
genital pulmonary anomalies have been
classified in various ways, of which the
following is one of the simplest:
1. Accessory lung. An accessory lung is
an extra-bronchopulmonary mass that
has its own supernumerary bronchus,
usually connecting it to the normal
bronchial tree, but which may connect
with the esophagus or stomach.
2. Extralobar sequestration. This is an
accessory lung that has no communi
cation with the normal bronchial tree.
It usually lies outside the lung, has its
own visceral pleura and is in close
proximity to the diaphragm, either
above or below it.
3. Intralobar sequestration. This is an
intrapulmonary mass that is not con
nected to the normal bronchial tree,
and usually has an abnormal blood
supply derived from the aorta.
Schuster- pointed out that the extrabronchopulmonary mass was present in
each of the three conditions: extralobar, or
intralobar sequestration, and accessory
lung. This, in his opinion, was the im
portant diagnostic criterion; the presence
or absence of an associated abnormal artery
arising from the aorta was of secondary im
portance. This view is in contrast to that
“This material was presented in part at the meet
ings of the Western Division of the Canadian
Clinical Surgical Society, and the Canadian Asso
ciation of Radiologists, March 4, 1966.
tC hlef of Surgery, St. Paul’s Hospital and Clinical
Professor of Surgery, University of Saskatchewan,
Saskatoon, Sask.
tChief of Radiology, St. Paul’s Hospital, Saskatoon.
§Associate Radiologist, St. Paul’s Hospital, Sas
katoon.
^Director of Laboratories, St. Paul’s Hospital,
Saskatoon.

of Pryce1 who regarded the accessory
artery as an essential component of the
lesion. For reasons to be stated, we agree
with Schuster and believe that, before the
diagnosis of intralobar pulmonary seque
stration is made, the following criteria must
be met: (1 ) There must be a complete
bronchial tree with the normal number of
bronchi. (2 ) There must be an extra mass
of bronchopulmonary tissue. (3 ) The lesion
must be shown to be separate from the
normal bronchial tree (though secondary
connections may develop as a result of in
fection ).
A fourth feature, an abnormal systemic
artery arising from the aorta, is helpful in
diagnosis but is not essential. ( Such
arteries were present in seven of the eight
cases described in this communication.)
M aterial and Methods

Seven patients with intralobar sequestra
tion were seen and treated in Saskatoon in
the eight years from 1957 to 1965. An
eighth patient, in whom the diagnosis was
suspected but not conclusively proved, is
also described in this paper. The patients
ranged in age from 2 to 55 years. Two
main points arose from study of these pa
tients: (1 ) The condition is probably not as
rare as previously thought and if this diag
nosis was considered more often, particu
larly in patients with recurrent pulmonary
infection, the syndrome would probably be
recognized more frequently. (2) Refined
diagnostic techniques are not essential. In
seven of our patients, the correct diagnosis
was suggested before operation after using
only routine diagnostic methods and with
out angiography. In one of these patients,
who had the classical pathological and
radiological changes associated with seque
stration, no major aberrant artery was
demonstrated at surgery. Our experience is
in contrast to that of Ranniger and Valvassori,3 and Nielsen4 who believe that pre
operative diagnosis can only be made em
ploying thoracic or retrograde aortography.
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Fig. 1.—Chronic consolidation, left base (Case 1).

In our opinion, although aortography may
assist in establishing the diagnosis, intralobar sequestration m ay be m is-diagnosed
or missed if the physician depends on this
method alone.

C ase R eports
Case 1.— E.S., a 55-year-old man, had had
recurrent pleurisy and pneumonia for the pre
vious 30 years. His chief complaints were those
of cough and sputum, with intermittent
dyspnea. Each attack was preceded by a
“cold”. During one of these attacks he was
admitted to St. Paul’s Hospital, Saskatoon, on
June 1, 1957, for investigation.
A chest radiograph done in March of 1957
had been suggestive of inflammatory changes
in the left lower lobe (Fig. 1 ). A bronchogram
done subsequently showed bronchiectasis of
the left lower lobe (Fig. 2 ) . The chest was
explored on June 10, 1957, through a curved
incision with removal of the left sixth rib.
Many fine pleural adhesions were encountered.
Two arteries, each about 11 in. in diameter,
arose from the aorta just above the diaphragm
and entered the lower lobe of the lung. When
they were ligated and sectioned, a small arte
riosclerotic plaque was noted in one of them.
Left lower lobectomy was carried out. Two
separate inferior pulmonary veins were found
in the normal position.
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Fig. 2.—Bronchogram showing saccular bron
chiectasis, left base (Case 1).

The lower lobe of the lung weighed 390 g.
The greater part of its substance was dark
red and only scattered patches were pink and
crepitant. Two aberrant arteries entered the
lower part of the lobe; they had no apparent
anastomosis with other vessels on gross ex
amination. The lung supplied by these arteries
consisted of loose fibrous tissue with intercom
municating spaces up to 1.0 cm. in diameter,
wliich were full of tenacious mucus. Continuity
with the bronchi was demonstrable. Micro
scopically, no functioning lung tissue was
identified in the area supplied by the aberrant
arteries. The bronchi were relatively normal,
but the cystic spaces (v id e supra) were lined
by epithelium, mainly of pseudostratified type
with cilia. There was a general infiltration with
inflammatory cells.
C ase 2.— L.M ., a two-year-old girl was ad
mitted on April 13, 1962, to Saskatoon City
Hospital with severe cough, loss of appetite,
heavy breathing and fever of 103°F . The re
ferring physician believed she had staphy
lococcal pneumonia. On May 9, 1962, she was
readmitted to Saskatoon City Hospital with
similar symptoms. On this occasion the clinical
impression was that of pulmonary abscess at
the left base posteriorly, probably due to
aspiration of a foreign body. In April 1962, a
posteroanterior (PA) chest film showed evi
dence of recurrent pneumonia in the left lower
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Fig. 4.—Normal bronchial tree displaced by
space-occupying lesion (Case 2).
Fig. 3.—Consolidation at left base, containing
cyst with fluid level (Case 2).

diagnosis of chronic localized bronchiectasis
was made.

lobe (Fig. 3). On a subsequent bronchogram,
the bronchial tree appeared to be normal
(Fig. 4) except that the posterior basal
branches were displaced by a space-occupying
lesion. The radiologist’s impression was that
this lesion represented pulmonary sequestra
tion. On May 29, 1962, the patient was re
admitted to Saskatoon City Hospital with rapid
laboured respirations, severe cough and fever
of 103°F. Because of the recurrent infections,
the possibility of an aspirated foreign body,
and intralobar sequestration, left thoracotomy
was done on June 28, 1962. At operation, the
posteromedial portion of the left lung felt rub
bery. A vessel about 3.0 mm. in diameter was
seen to penetrate the muscular diaphragm and
enter the lower lobe of the left lung. There
was a line of demarcation between normal
lung tissue and the solid portion at the base,
which was developed until the pulmonary
sequestrum was completely separated and
could be removed from the normal lobe.
The resected specimen weighed 48 g. The
pleural surface was covered in patches by
adhesions. On section the specimen consisted
chiefly of a multiloculated cyst that was filled
with thick yellowish-brown material and had
a trabeculated lining. On microscopy, the lung
was replaced by markedly dilated bronchi, the
walls of which were fibrosed and chronically
inflamed. These bronchi were lined chiefly
by flattened epithelium of respiratory type that
had been partially replaced by granulation
tissue. Only a small amount of compressed and
fibrosed lung parenchyma was present. A

Case 3.— B.S., a 50-year-old woman, was
referred to the Saskatoon Cancer Clinic on
May 2, 1962, because of a lump in the left
breast, which was found to be carcinoma. She
was admitted to Saskatoon City Hospital on
June 23, 1962 and radical mastectomy was
performed. She had no history of recurrent
respiratory disease.
On May 2, 1961, a chest film (on file at the
Saskatoon Sanatorium) had demonstrated a
density behind the heart shadow. On June 25,
1962, a PA chest radiograph and a barium
swallow showed a rounded mass in the retrocardiac area, 4 to 5 cm. in diameter, which
was not fixed to the esophagus. Spina bifida at
the level of T t was also seen. The radiologist’s
impression was that of intralobar sequestration
(Fig. 5 ).
On June 29, 1962, a left thoracotomy was
done. On the posteromedial border of the
lower lobe of the left lung, a firm rubbery
mass was found— the. size of a lemon. The in
ferior pole of this mass was in direct contact
with the diaphragm and was supplied by four
vessels each about 3.0 mm. in diameter. These
arose directly from the aorta at the level of
T 8 and T 9. A plane was developed between
the mass and the lung parenchyma and seg
mental resection was carried out. The resected
mass weighed 77 g. and had roughened
greyish-purple areas on its surface. It had a
cavity 4.0 cm. in diameter which contained
thick dark brown material. The cavity was sur
rounded by pinkish-grey spongy tissue con
taining many blood vessels. It was lined by
flattened bronchial epithelium, and had a
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Fig. 5.—Round mass behind heart. Right breast
shadow absent (Case 3).
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normal bronchi with no apparent communica
tion with the above-noted cystic area. The
lesion was presumed to be intralobar seque
stration (Fig. 7 ).
On October 17, 1963, a left thoracotomy was
done. The lesion, which was located between
the left lower lobe and the diaphragm, could
not be freed from adjacent lung tissue and
therefore a lower lobectomy was performed.
Four large arteries arising from the thoracic
aorta entered the lesion and several veins
drained into the hemiazygos vein.
The resected specimen weighed 255 g. On
the posterior, inferior and medial aspects there
was discoloured firm nodular tissue which was
poorly demarcated from the adjacent paren
chyma. None of the bronchi of the lower lobe
communicated with the sequestrated segment.
The mass was composed of communicating
cvsts filled with mucoid material.

thick wall of dense connective tissue, which
contained several masses of cartilage. The
small amount of pulmonary tissue surrounding
the cavity was compressed and patchily
fibrosed and contained several small dilated
bronchi filled with mucus.
C ase 4.— D.M., a 13-year-old schoolboy,
had his first chest cold while still in the nur
sery. He had pneumonia at two and nine years
of age. Both episodes were on the left side. In
January, August and September 1963, he had
episodes of cough, fever, chest pain and
malaise. On October 7, 1963, he was admitted
to St. Paul’s Hospital, Saskatoon.
In January 1963, a PA chest film showed a
cystic lesion in the left lower lobe suggesting
bronchiectasis or pulmonary sequestration
(Fig. 6 ). A bronchogram subsequently showed

C ase 5.— P.D ., a 28-year-old Indian fisher
man, was admitted to St. Paul’s Hospital, Sas
katoon, on March 16, 1964, for repair of re
current right inguinal hernia. He had no cough
or history of tuberculosis. Routine radiographs
of the chest suggested the possibility of pul
monary sequestration with infection.
On March 16, 1964, a chest film showed a
mass containing cysts, lying in the right lower
lobe (Fig. 8 ). On March 17, 1964, a broncho
gram showed a normal bronchial tree, which
did not communicate with the cystic area; how
ever, the bronchi were displaced by the mass
(Fig. 9 ). On March 19, operation which had
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Fig. 8.—Cystic mass right lower lobe posteriorly
(Case 5).
been scheduled had to be postponed because
he developed a fever of 101 °F. associated with
chest pain and malaise.
On March 23, 1964, planigrams were done
which showed that the density due to the pul
monary infection of a few days earlier had
disappeared. A large anomalous vessel was
seen to traverse the cystic area (Fig. 10).
On March 25, 1964, a herniorraphy was
done.

Fig. 9.—Normal bronchial tree (Case 5).

Fig. 10.—Large vessel (arrow) demonstrated on
planigram (Case 5).
On April 14, 1964, a right thoracotomy was
done. An apical adhesion was encountered
which suggested healed tuberculosis; this was
cut across. The lesion at the right base was
supplied by a large artery arising from the
aorta. Its venous drainage was to the azygous
system. Right lower lobectomy was performed.
The resected specimen weighed 320 g. A
large anomalous vessel, 7.0 mm. in diameter,
entered the lobe at the posterolateral border.
It divided into numerous branches and was in
timately associated with the walls of variably
sized irregular cavities lined by smooth white
membrane. No communication between these
cavities and the bronchi was demonstrable.
The alveolar walls showed fibrosis and thicken
ing, and slight chronic inflammation. Many
alveoli were lined by columnar epithelium.
Similar columnar ciliated mucigenic epithelium
lined the large cavities, but was partly re
placed by a granulomatous inflammatory layer.
The large anomalous artery showed early
arteriosclerosis.
C ase 6.— A.S., a 16-year-old youth, had his
first attack of pneumonia at an age of six years.
Several admissions to hospital followed: July
1957, pneumonia, treated at home; August
1957, pneumonia, admitted to Saskatoon City
Hospital; September 1957, in Saskatoon City
Hospital with cough and chest pain. Recovery
was slow. At that time a bronehogram sug-
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Fig. 12.—Normal bronchi displaced (Case 6).
Fig. 11.—Cystic lesion in basal segments, right
lower lobe (Case 6).

gested no bronchiectasis. In August 1964, he
was admitted to St. Paul’s Hospital, Saskatoon.
He had had cough and sputum for four
weeks, a sharp pain in his right chest on in
spiration, and fever and sweating.
On review, each of many chest films going
back to September 1957, showed recurrent in
filtration in right base posteriorly (Fig. 11).
In August 1964, a bronchogram showed a
typical normal bronchial tree which was dis
placed by a cystic mass in right base posteri
orly, a picture suggesting pulmonary seque
stration (Fig. 12). On December 10, 1964,
a right thoracotomy was done. There appeared
to be a sequestration of a portion of lung
from the lower anterior part of the right lower
lobe. A number of abnormal arteries and veins
entered via the pulmonary ligament. One or
two small arteries also seemed to be coming
off the inferior phrenic artery, possibly
through the diaphragm. An attempt was made
to remove the sequestrated segment but was
abandoned because of a local accumulation
of pus and the large numbers of abnormal
vessels between the segment and the lower
lobe of the lung. Right lower lobectomy was
performed.
The resected specimen weighed 305 g. The
anterolateral surfaces bore many adhesions. A
small leash of vessels entered the lower lobe
at the anterior margin of its inferior edge. One

small artery was seen to enter the lung sub
stance at this point and branch immediately
into smaller vessels. This artery was closely re
lated to several cystic cavities ranging up to
1.0 cm. in diameter and containing mucoid,
slightly blood-stained material. On section, the
upper part of the specimen contained several
similar larger cavities filled with mucopurulent
material. These cavities appeared to lie too far
proximal to be related to the anomalous vessel
entering from the pleural surface. On micro
scopic examination, both groups of cysts were
similar, being lined by epithelium of respira
tory type; in some zones this was converted
to flattened cells, and in others it was de
stroyed. The walls of the cavities contained
fibrous tissue, poorly defined smooth muscle,
and masses of cartilage. The surrounding lung
tissue was the site of extensive old and recent
inflammation. Many large, thick-walled vessels
were associated with the proximal group of
larger cavities.
From the radiographs, a large anomalous
vessel appeared to enter the lobe from the
hilar region, close to the proximal group of
cavities. This vessel could not be distinguished
in the specimen from the branches of the pul
monary artery. The two groups of cysts ap
peared to represent associated, but separate,
malformations.
C ase 7.— L.K., a 17-year-old girl, was ad
mitted to University Hospital, Saskatoon, on
March 18, 1965, because of dysmenorrhea.
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Fig. 13.—Consolidation, right lower lobe pos
teriorly (Case 7).
Fig. 14.—Bronchi displaced by lesion (Case 7).

She had a history of many episodes of “colds”
with productive cough, beginning when she
was a child. For six months before admission
she had had a chronic cough with febrile epi
sodes. Because she felt ill and depressed (ap
parently without cause), psychiatric help had
been sought.
On March 31, 1961, a chest film at the
Saskatoon Sanatorium was reported to show
“deviation of pulmonary vessels to the right
lower lobe, around a poorly defined density”.
On March 19, 1965, the chest films were re
peated and showed a homogenous area of
increased density at the right cardiophrenic
angle lying flush with the dome of the dia
phragm (Fig. 1 3 ). On March 31, a bronchogram was done. The segmental bronchi ot
the right lower lobe appeared to be intrinsic
ally normal but were displaced laterally by the
mass described on March 19 (Fig. 14).
On April 9, 1965, a right thoracotomy was
done. There was edema and evidence of
recent reaction in the lower medial part of the
right lower lobe. An artery If in. in diameter
and 1% in. long arose from the aorta 2 in. above
the diaphragm and entered the sequestrated
segment. This vessel was ligated and right
lower lobectomy performed.
The specimen weighed 286 g. On the
medial aspect four separate blood vessels were
identified, three of which were tied with black
thread. The fourth measured 0.4 cm. in in
ternal diameter and protruded from the most
posterior basal aspect of the lobe. The fresh
specimen was injected immediately. A polv-

thene catheter was inserted into the artery
supplying the sequestrated portion and 5.0 ml.
of 50% sodium diatrizoate (Hypaque) was in
jected into the artery. Films showed that this
vessel was outlined and also a large vessel in
the upper part of the specimen, which ap
peared to be draining into the region of the
hilum (Fig. 15). After this, 10% formalin was
injected into the catheter and was seen to drain
from the pulmonary vein.
The pleural surface was smooth with irregu
lar purplish-red areas. At the region normally

Fig. 15.—Contrast medium injected into anomal
ous artery of resected specimen has entered the
pulmonary vein (Case 7).
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occupied by the posterior basal segment and
separated from normal lung tissue by a shal
low groove, a firm area (8.0 x 6.0 x 5.0 cm.)
was seen, which had the anomalous vessel in
its centre. On section this area contained cystic
spaces with white lining, which measured up
to 1.0 cm. in diameter. The interface between
normal lung and the lesion was sharply de
marcated by a thick fibrous band 0.2 cm. in
thickness, to which the bronchi and pulmonary
vessels were firmly applied. On microscopy,
the thickened pleura and fibrous tissue were
heavily infiltrated by inflammatory cells. The
cystic spaces were lined by flattened or low
cuboidal epithelium which resembled bron
chial epithelium, and contained mucoid mate
rial with many lipophages and inflammatory
cells that had invaded the surrounding tissues.
Chronic granulomatous inflammation and
squamous metaplasia replaced the respiratorytype epithelium lining the larger spaces; the
walls of these spaces contained slips of smooth
muscle and islands of cartilage embedded in
fibrous tissue.
Case 8.— L.S., a 13-year-okl girl, was ad
mitted to St. Paul’s Hospital, Saskatoon, on
January 18, 1958, with fever, headache, cough
and sputum. These symptoms had persisted
and recurred since an attack of “influenza” one
year before.
In January 1958, a PA chest film showed a
cystic lesion with fluid level in left chest

Fig. 17.—Bronchi all present but displaced (Case
8 ).

Fig. 16.—Cystic lesion, left lower lobe pos
teriorly (Case 8).

posteriorly (F ig . 1 6). In June 1958, a
bronchogram showed that the bronchial tree at
the left base was displaced by a cystic, spaceoccupying lesion (Fig. 1 7 ). On July 14, 1958,
the chest was explored. The left lower lobe
seemed to be entirely cystic. There was con
siderable fibrosis around the root of the left
lung. A left lower lobectomy was done.
The specimen contained a cavity 5.0 cm. in
diameter, with a fibrous wall, filled with thick
yellow muco-pus. Several smaller cavities con
taining a little mucus were also present.
Although these were adjacent to large bronchi,
direct communication could not be demon
strated. The remaining lung parenchyma had
a fleshy consistency. The large cavity was
lined partly by bronchial epithelium and
partly by granulation tissue containing plasma
cells, lymphocytes and giant cells. Many
dilated bronchi and bronchioles were also seen.
A diagnosis of cystic bronchiectasis was made.
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D iscussion

These eight cases represent the Saska
toon experience with intralobar pulmonary
sequestration during the years 1957 to
1965. Most of these patients were treated in
the general hospitals (St. Paul’s and Sas
katoon City Hospitals). After the third case
had been recognized we became more con
scious of this entity, and the local radiolo
gists and general practitioners discovered
more cases. By a remarkable coincidence,
two patients (Cases 2 and 3) were referred
by the same group of general practitioners
and operated upon on successive days. The
condition has generally been thought to be
rare but, from our experience, the diagnosis
could be made more frequently and the
lesion treated effectively if this entity was
considered more often. If the physician is
aware of the condition, it should be pos
sible to make a correct preoperative diag
nosis in most cases, using only routine
methods of investigation.
In those patients who have symptoms,
the history usually goes back to childhood
or early adolescence. Frequent respiratory
infections and recurrent pneumonia con
fined to one lung should raise a suspicion of
sequestration. Physicians have tended to
consider patients with such a history as
having “weak” lungs, however it is more
logical to search for an underlying abnor
mality that renders the lung more suscept
ible to infection and which, once acquired,
is more difficult to overcome.
The key to preoperative diagnosis is in
formed radiology. In a well-penetrated
chest film, an unusual density located
posteriorly and medially should create a
strong suspicion of pulmonary sequestra
tion even in the absence of significant
symptoms. Planigrams of the area usually
show that the density consists of multiple,
variably-sized cystic spaces; occasionally
large vessels can be seen to cross these
spaces. A well-performed bronchogram will
show a normal bronchial tree, the terminal
branches of which are displaced by a
space-occupying lesion. The radiographic
appearance is usually quite characteristic:
however, in the few cases in which the
lesion has eroded into a bronchus, the
picture can be confused with that of basal
bronchiectasis.
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Surgical treatment of intralobar seque
stration is generally straightforward. Con
servative segmental excision has been
recommended and, in our series, this proce
dure was employed whenever possible;
however, we believe that lobectomy is the
operation of choice. It is rare to find a clear
line of demarcation between the seque
strated segment and normal tissue of the
lobe, and postoperative morbidity may be
increased unnecessarily if an overly conser
vative excision is attempted in all cases. In
all our patients the postoperative course
has been smooth and the operation has
brought relief to those who previously had
recurrent pulmonary infections.
Most workers agree that intralobar
sequestration represents a mass of pul
monary origin that has no normal connec
tion with the bronchial tree, and arises as
a result of some unknown stimulus during
development. Disagreement centres on the
role and significance of the anomalous
vessel or vessels, which are frequently but
not invariably present. Boyden,3 in his
studies on the 41-mm. human embryo,
showed that anomalous vessels to basal
pulmonary tissue are present during de
velopment and are not acquired, as postu
lated by Gebauer and Mason.8 Boyden
further demonstrated that anomalous
vessels to the lung base may be present in
the absence of parenchymal changes. The
association between intralobar sequestra
tion and anomalous systemic vessels is seen
too frequently to be fortuitous, but the
precise nature of the relationship remains
obscure. It is reasonably certain that the
vessels do not cause the sequestration, by
traction upon the lung (as has been postu
lated) or by any other demonstrable
mechanism.
The large anomalous arteries are fre
quently subject to arteriosclerosis. Venous
drainage from the sequestrated portion of
lung is inconstant; in our patients the
venous outflow was to the hemiazygos
( Case 4), azygos ( Case 5) and inferior
pulmonary ligamentary (Case 6) veins, or
to the pulmonary veins (Case 7, Fig. 15).
If the lesion is to be accurately identified,
the surgeon and the radiologist should ex
amine the resected specimen together in
the pathology department. Intralobar

July 1966

251

INTRALOBAR SEQUESTRATION

Fig. 18.—Large anomalous artery to seque
strated segment (Case 5).

sequestration is probably missed on occa
sion when it is confused with bronchiecta
sis. Even a large anomalous artery may not
be recognized in the laboratory without the
surgeon’s help, if it has been sectioned
close to the visceral pleura in a mass of
adhesions.
The lesion’s characteristic pathological
feature (Fig. 18), other than the frequent
presence of anomalous arteries, is the cystic
spaces which contain thick, tenacious,
mucoid material (Fig. 19) and do not com-

Fig. 20.—Ciliated respiratory-type epithelium,
lining cystic spaces (Case 7).

Fig. 19.—Cystic spaces of sequestrated segment
(Case 4).

municate with the bronchial system,
though such communication may be estab
lished by infection. Such communications
are infrequent in young patients but are
seen commonly in older patients with a long
history of lung infections ( Case 1 ). These
cavities are lined by epithelium of pseudostratified ciliated respiratory type (Fig. 20)
but, after recurrent infection, this may be-

Fig. 21.—Inflamed granulation
cavity (Case 7).

tissue,

lining
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come flattened, undergo squamous meta
plasia, or be lost entirely and replaced
by chronically inflamed granulation tissue
(Fig. 21). Smaller cystic spaces lined by
similar epithelium are found in relation to
the larger cavities and the fibrous septa
dividing them are devoid of the normal
layers and relationships of the bronchial
wall. Small masses of cartilage may be
found in the walls of these cavities.
Chronically inflamed lung tissue surround
ing the cavities frequently shows the effects
of episodes of unresolved pneumonia and
contains intra-alveolar, organized exudate.
Su m m a r y

Seven confirmed cases and one possible
case of intralobar sequestration of the lung
in patients ranging in age from 2 to 55
years, were seen in three Saskatoon hospi
tals during the eight-year period, 1957 to
1965. The condition is probably more com
mon than has been thought and can be
recognized before operation in the majority
of patients by routine radiology, without
recourse to angiography. Aortography may
be misleading because some patients do
not have the demonstrable large anomalous
vessels arising from the systemic circula
tion, which are present in most patients
with this condition. Most patients give a
history of recurrent upper respiratory tract
infections leading to pneumonia which is
usually persistently unilateral. However,
two of the eight patients in this report were
asymptomatic and were discovered on
routine investigation at the time of hos
pitalization for other conditions. The elec
tive treatment is lohectomy. Postoperative
morbidity may be increased if segmental
resection is done in cases where there is no
plane of cleavage between abnormal and
unaffected areas. The etiology and patho
genesis of the lesions remain in doubt but
we believe that the aberrant systemic
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arterial supply of the sequestrated segment
is a frequent but not invariable component
of the syndrome, and that the aberrant
vessels are not the cause of the sequestra
tion.
We are indebted to Dr. M. Macdonald, now of
Calgary, for permission to include his patients as
Cases 2 and 3, and to the Radiology Departments
or the University and City Hospitals, Saskatoon,
tor use of their radiographs.
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R esum e

On a diagnostique une sequestration pulmonaire
intralobaire chez sept malades dont lage variait de
deux a 55 ans. Six de ces malades evoquerent des
antecedents d’infections recidivantes des voies
respiratoires superieures ayant abouti a la pneumonie, mais deux malades etaient asymptomatiques
et turent decouverts au cours d’un examen de
routine. La pathologie est probablement plus frequente qu on ne le croyait et peut etre diagnostiquee avant une intervention par des examens
radiologiques eourants, sans devoir recourir a
i T1- a p h i e . Le traitement de choix est la
lobectomie. L etiologie et la pathogenie des lesions
demeurent obscures, mais l’irrigation arterielle
aberrante de cette partie d’organe, bien qu’on la
trouve frequemment, n’est cependant ni partie integrante
obligatoire du syndrome, ni la cause de la
sequestration.
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PELVIC FRACTURES: ASSOCIATED INTESTINAL AND MESENTERIC
LESIONS0
J. R. MOORE, M.D., C.M., F.R.C.S.[C], F.A.C.S.,t Montreal, Que.

I n the period 1946 to 1956, the records of
the British Columbia Workmen’s Compen
sation Board and the Vancouver General
Hospital contained 1309 cases of pelvic
fracture. Analysis showed that intestinal
perforation was the most common type of
intra-abdominal injury associated with pel
vic fracture. The present paper reports the
findings in the 26 patients from this series
who suffered intestinal injury; 25 had in
testinal perforation, with or without mesen
teric laceration, and one had mesenteric
laceration only (Table I). In most cases the
TABLE I.— I n t e a - a b d o m in a l I n ju r y A s s o c ia t e d
w it h

P e l v ic F r a c t u r e in 26 P a t i e n t s

Intestinal perforation:
Without mesenteric laceration...................
With mesenteric laceration........................
Mesenteric laceration only.................................
Stress ulcer..........................................................

the only one in whom the type of visceral
injury was related to the type of fracture.
A combined type of fracture, in many cases
involving several portions of the pelvic ring
bilaterally and with much displacement,
occurred in all but two patients (and both
these died). External evidence of abdomin
al-wall injury was present in 13 of 20
patients with non-penetrating perforation
(excluding stress ulcer) and was absent in
four; there was no mention of it in three
(Table II). In two cases the external lesions
were remote from the site of intra-abdom
TABLE II.— S ig n s

an d Sym ptom s op I n tr a 
I n j u r y in 20 P a t i e n t s w i t h N o n 
p e n e t r a t i n g P e r f o r a t iv e I n t e s t in a l I n j u r y
(E x c l u d in g S t r e s s U l c e r )

a b d o m in a l

15
8
1
2
26

trauma was severe: the overall mortality
rate was 58% (15 patients); 27% (7) died
within five hours of the accident; secondary
shock developed in 85% (22). The high
mortality rate may have been due in part to
the occurrence of many of the accidents
during lumber or mining operations, some
times at distant and relatively inaccessible
sites. On the other hand, all but two of the
patients were under 60 years of age and the
majority were of above-average physique.
As would be expected in the circumstances,
methods of treatment varied; some opera
tions were performed near the accident
area, and the patients were admitted to a
variety of hospitals. Only three patients
suffered open penetrating wounds; two of
these who died had extensive or multiple
intra-abdominal injuries, and the third had
a perineal wound and a fracture-fragment
injury of the rectum. This last patient was
“ This study was supported by the British Colum
bia Workmen’s Compensation Board and by the
Trauma Research Unit, Department of Surgery,
University of British Columbia and the Vancouver
Ceneral Hospital, Vancouver, B.C.
f Present address: Royal Victoria Hospital, Mont
real 2, Que.

Case

1 FM
2 AT
3 ED
4 RSM
6 HE

7 AC
0 HC

10 NS
11 AS
12 .ID
13 JTO
14 JF
15 SC
16 TLD
17 DE
18 IIP
1!) DA
21 KM
22 LC
23 JT

E xterna l evidence
o f anterior abdom 
in a l wall in ju r y

Not stated
Present
Absent
Present
Absent
Present
Present
Present
Present
Present
Absent
Present (remote)
Not stated
Absent
Present
Present
Present
Present
Not stated
Present

I n itia l sig n s an d/ or
sym p tom s o f in tra 
abd om inal in ju r y

Present
Present
Present
Absent
Absent
Absent
Not stated
Present
Absent
Absent
Present
Present
Present
Present
Present
Present
Not stated
Present
Absent
Absent

inal injury: in one, the patient had a con
tusion over the right costal margin, but
operation revealed perforation of the sig
moid colon; and the other, who had con
tusions and abrasions over the right hip
posteriorly, died from hemorrhage from a
large laceration of the small-bowel mes
entery.
C a se M a t e r ia l

The 26 patients are grouped into two
main categories: Group A includes those in
whom perforation was confined to the large
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or small intestine, and who had no other
intra-abdominal injury (11), and Group B
is made up of those who had multiple
intra-abdominal injuries (10). A third group
( Group C ) comprises five miscellaneous
cases: modifying factors precluded definite
diagnosis of bowel perforation in two pa
tients; in two others there was no proof that
the duodenal perforation was the direct re
sult of either the general or the abdominal
trauma; one patient had mesenteric lacera
tion only.
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hospital, developed shock as a result of sig
nificant hemorrhage fom an iliac vein tear;
necropsy revealed a loop of small gut torn
across and lying free in the midabdomen.
Group B (Table IV)

Multiple intra-abdominal injuries— All
but one (Case 17) of these 10 patients had
other intra-abdominal lesions as well as
bowel perforations. The whole length of
the bowel was well represented in the dis
tribution of these lesions. Four patients
(Cases 15 to 18) had perforations of both
Group A (Table III)
the large and the small intestine: this once
Small intestine.— The first four patients
again points up the necessity for complete
had small-bowel perforations due to non
exploration at operation. All but one of
penetrating trauma, in two instances (Cases
these lesions were caused by non-penetrat
1 and 4) in the areas usually thought to be
ing trauma, the exception (Case 20) being a
most vulnerable, i.e. the 18 inches distal to
penetrating wound causing extensive mul
the ligament of Treitz and the 10 inches
tiple lacerations of the small intestine and
proximal to the ileocecal junction. There
mesentery.
were no perforations exactly at these points
Eight patients had mesenteric injury in
of fixity. Patients 2 and 3 had lesions well
conjunction
with single or compound bowel
along the small bowel relative to the fixed
points (obviously the entire gut must be perforations: major hemorrhage at the site
examined if such injuries are to be discov of the rent was a prominent feature in all
ered). Usually the perforations were on the cases. Interference with the vascular supply
antimesenteric border, but in patient 4 the of the gut caused necrosis and peritonitis,
jejunum was completely divided by a trans secondary to frank perforation or leakage
verse tear. Three of these patients had through intact but necrotic intestinal wall
single perforations, but in patient 2 there (Cases 12 and 13). One patient (Case 15)
were several one-inch-long perforations of developed an internal hernia which stran
gulated a considerable time after trauma
the midjejunum and midileal region.
had occurred. Four patients (Cases 14 to
L arge intestine.— Four patients (Cases 5 16 and 21) had large-bowel perforations
to 8) had only large-bowel perforations. with associated rents in the small-bowel
One (Case 5) suffered an open penetrating mesentery.
injury: he had a long transverse-colon
laceiation, which was the site of severe
Group C (Table V)
uncontrollable hemorrhage, and he was
eviscerated. He died two hours after injury,
The closed perforative lesion of the
in an aircraft in which he was being taken bowel became walled-off and localized for
to hospital. It is surprising that in the a time in one patient (Case 22), and re
series of 1309 pelvic fractures only one solved completely in another (Case 23). In
patient (Case 8) was found to have a rec the latter, a radiologically demonstrated
tal injury: exploration of a perineal wound subdiaphragmatic
abscess
disappeared
levealed that fragments of fractured pelvis gradually and the patient recovered com
had torn a large rent in the rectum. Two pletely.
patients had perforation of the cecum only
Cases 24 and 25 may be examples of
(Cases 7 and 11), one a perforation of the stress ulcer. In the former, the patient died
descending colon (Case 10), and one of the six days after the accident and had a per
sigmoid colon (Case 6): all of the perfora forated duodenal ulcer at necropsy. He had
tions were into the peritoneal cavity One not complained of any relevant symptoms
patient (Case 9), who died before reaching previously but this does not, of course, rule
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TABLE III. — G r o u p A : P e r f o r a t io n s C o n f in e d

to

Site of intestinal perforation

E it h e r S m a l l o r L a r g e I n t e s t in e in 11 P a t i e n t s

Course

Case

Age

1 FM

37

Ileum, 10 in. above termination.

Signs and symptoms present initially, later abated.
Developed ileal fistula (RLQ ) and urinary fistula
(LLQ).
Operation: 12 days after accident: Incision and
drainage, right abdominal mass.
22 days after accident: Incision and
drainage, left groin.
Died: 3 mo. after accident.
Autopsy: Abscesses over bladder dome; osteomye
litis at all pelvic fracture sites; ruptured left ureter.

2 AT

28

Midjejunum and midileum, each 1 in.
long.

48 days in hospital.
Operation: 12 hr. after accident: Perforations closed.

3 ED

26

Ileum.

Operation: 12 hr. after admission: Perforation closed.

Jejunum completely divided 18 in.
from ligament of Treitz.

Developed abdominal rigidity and shock 28 hr.
after accident.
Operation: 28 hr. after accident: Anastomosis of
divided gut. Extensive peritonitis.

Transverse colon, long tear.

Elviscerated.
Died: 2 hr. after accident in aircraft on way to
hospital.
Autopsy: Death due to hemorrhage from torn bowel.

4 RSM 26

47 days later: Intestinal obstruction.

5 MP

34

0 HE

59

Sigmoid, with abscess.

Crushing injury to back. Abdominal distension
without symptoms: thought due to reflex ileus,
without intra-abdominal injury, until LLQ tender
ness developed day of operation.
Operation: 7 days after accident: Enteroanastomosis; abscess drained.
Died: In recovery room, one day after operation.

7 AC

48

Cecum, with large abscess extending
into right indirect inguinal hernia.

Ecchymoses, right flank; no evidence of peritoneal
irritation. Abdominal distension: thought due to
reflex ileus, without intra-abdominal injury, until
RLQ mass apparent day of operation.
Operation: 11 days after accident: Drainage of
abscess; excision of hernial sac. Phlebitis post
opera tively.

8 AB

20

Rectum, from fracture fragment.

Ecchymoses, right flank.
Operation: 4 hr. after accident: Exploration of
perineal wound revealed rectal injury. Colostom y
for 2 mo.

9 HC

21

Penetrating wound.

Penetrating wound.

Loop of small gut free in midabdomen.

Died: 1 hr. after accident, before reaching hospital.
Autopsy: Much blood at site of large tear of external
iliac vein and in abdomen.

10 NS

50

Large tear of descending colon.

Hemorrhage from rectum.

Died: 2 hr. after accident, from shock due to
hemorrhage.
Autopsy: Branches of internal iliac vessels torn;
much blood in abdominal cavity; retroperitoneal
hemorrhage.

11 AS

>70

Cecum ruptured.

Shock irreversible.
Died: 2 hr. after accident.
Autopsy: Multiple pelvic fractures; rupture of right
femoral artery, with massive hemorrhage into right
upper thigh.
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TABLE IV.— G r o u p B: M

Case [Age
12 JD

u l t ip l e

Vol. 9

I n t r a - a b d o m in a l I n j u r ie s in

Site of intra-abdominal injury

51 ! Perforation of ileum, 14 in., gangre
nous and surrounded by large abscess.
Large mesenteric laceration.

10 P a t ie n t s

Course
Reflex ileus without symptoms thought due to other
than intra-abdominal injury until sudden onset of
shock on day of operation.
Operation: 10 days after accident: Gut resected.
Died: During operation.
Autopsy: Abdomen grossly distended, with 1500 ml.
foul fluid; atelectasis, right lung.

13 JTO

54

Perforation of ileum. Two large rents
of ileal mesentery; 4 in. non-viable gut
opposite each. Intraperitoneal rup
ture of bladder.
Retroperitoneal
hematoma.

Operation: Within 5 hr. of accident: Two bowel
segments resected; mesenteric tears sutured;
bladder perforation closed.
Postoperatively, infection of abdominal wound;
deep thrombophlebitis, right lower leg; Staph,
aureus infection of right hip.
21 mo. after accident: Right hindquarter amputation. No residual abdominal effects.

14 JF

38

Perforation of sigmoid colon. Large
laceration of small-bowel mesentery,
with much hemorrhage.

Contusion, right costal margin.
Operation: 20 hr. after accident: Sigmoid exteriorized.
Colostomy closed later by Rankin clamp.
3 mo. after accident: L a p a r o t o m y ;
bowel obstruction by adhesions.

Local perforations of ileum and sig
moid colon. Large rent of ileal mesen
tery, with large internal hernia
through it.

Tenderness and guarding initially. 2 wk. after
accident: General abdominal pain, poor appetite,
weight loss. 2 mo. after accident : Began vomiting.
Operation: 2 mo. after accident: Atretic ileum form
ed apex of internal hernia and was part of large
inflammatory mass which included sigmoid loop.
Sigmoid perforation closed; ileum resected.

15 SC

29

16 TD

37

Three perforations of jejunum and
one of sigmoid colon. Six tears of smallbowel mesentery with much hemorr
hage.

Operation: 5 hr. after accident: Mesenteric bleeding
points ligated and all defects closed.
13 days after accident: Repair of dis
rupted incision.

17 DE

22

Multiple perforations of jejunum.
Large rent of transverse colon.

Contusions, both flanks.
Operation: 12 hr. after accident: Some jejunal
perforations closed, some resected; transverse colon
resected; colostomy.
Died: 2H days after accident.
Autopsy: Rupture of right femoral artery; thrombo
phlebitis, right femoral vein; multiple pulmonary
infarctions.

18 HP

29

Perforation of ileum and descending
colon; intraperitoneal bladder rup
ture; tear of femoral vein.

Operation: 5 hr. after accident: Perforations closed;
hemostatic pack to vein tear.

19 DA

33

Perforation of small bowel at site of
long mesenteric tear.

Died: 1 hr. after accident, before arrival at hospital.
Autopsy: Abdomen full of blood; death due to
hemorrhage from mesenteric tear.

20 CC

45

Four 3-in. tears of terminal ileum,
with complete division at one. Three
tears of mesentery, with much hemorr
hage.
Penetrating wound.

Operation: 2 hr. after accident: Closure of all
perforations and rents.
Died: 5 hr. after accident.
Autopsy: Death due to massive intra-abdominal
injury and mesenteric hemorrhage.

21 KM

18

Perforation of sigmoid colon. 4-in.
laceration of midileal mesentery, and
of liver.

External injury to back.
Operation: 9 hr. after accident: Sigmoid exteriorized;
mesentery repaired; liver sutured; burr-holes for
subdural hemorrhage.
Died: 12 hr. after accident.
Autopsy: Death due to brain injury.
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TAB LE V.— G b o u p C : M is c e l l a n e o u s I n t r a - a b d o m in a l I n ju r ie s

in

F iv e P a t i e n t s

Case

Age

Injury

Course

22 LHC

18

Perforation of small bowel, closed
spontaneously; intraperitoneal ab
scess; probably retroperitoneal hema
toma.

Developed abdominal rigidity and LLQ tenderness
24 hr. after admission. Next, day, abdominal dis
tension and weak bowel sounds.
Operation: 2 wk. after accident: Abscess drained.

23 JT

35

Almost certainly perforation of small
bowel.

Developed abdominal pain 9 wk. after accident.
Radiograph showed right subdiaphragmat.ic ab
scess, later absorbed.

24 RS

28

Perforated duodenal ulcer.

General condition deteriorated steadily; abdomen
soft and painless.
Died: 6 days after accident.
Autopsy: Perforated duodenal ulcer; 1000 ml. fluid
in abdomen.

25 LC

67

Perforated duodenal ulcer. 4-in. la
ceration of right- lobe of liver.

12 hr. after accident developed shifting dullness,
left flank. Paracentesis: 10 ml. blood.
Operation: 22 hr. after accident: 3000 ml. blood
(from liver laceration) in abdomen; laceration
packed. Stomach and small bowel normal.
Postoperative course precarious; pneumonia; liver
laceration continued to bleed.
Died: 15 days after accident.
Autopsy: Perforated duodenal ulcer at junction of
first and second portions; extensive peritonitis.

26 AK

38

Large laceration of small-bowel me
sentery.

Contusions and abrasions over right hip posteriorly.
Refused blood transfusion: severe hemorrhage.
Died: 3 'A hr. after accident.
Autopsy: Abdominal cavity and retropubic space
filled with blood; retroperitoneal hemorrhage.

out the possibility that he had had pre
existing ulceration. His general condition
deteriorated suddenly three days after the
accident, and although there was no ab
dominal pain or rigidity this may have
been the time of ulcer perforation. In Case
25, the patient underwent operation two
days after his accident, and the stomach
and duodenum were described as normal
at that time, so the evidence in favour of a
true stress ulcer is convincing. This pa
tient had a second intra-abdominal injury
— a liver laceration, that continued to bleed
despite suture during the initial operation.
One patient (Case 26) had mesenteric
laceration with no other intra-abdominal
injury. This 38-year-old sawmill worker
was struck over the anterior pelvic region
by a rolling log, and reached hospital about
1 hr. 40 min. after his accident. Because
of his religious beliefs he refused blood
transfusion and received only plasma ex
pander. The very deep shock could not be
reversed, and the patient died 3 hr. 20 min.
after the accident. At necropsy his abdom
inal cavity was “full of blood” from vessels

at the site of a long mesenteric tear. Death
was due directly to hemorrhage from this
lesion.

Findings
Of the 25 patients with perforative gut
lesions, 12 died. Five died within two hours
of injury, three of them before reaching
hospital and two after admission but with
out operation. In only one patient (Case 5)
was hemorrhage at the injury site in the
colon the cause of death: he had an open
wound in which the anterior abdominal
wall was badly lacerated and the eviscer
ated, torn gut bled severely and uncon
trollably. Five patients died from periton
itis caused by intestinal perforation. Bleed
ing from torn mesenteric vessels was the
direct cause of death in one patient who
had associated perforated gut lesions, and
in a second who had no other intra-abdom
inal injury. Only four of the nine patients
with mesenteric laceration survived, and
they suffered very severe hemorrhage from
the site of vessel disruption in the mesen
tery.
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Eighteen of the 26 patients were oper
ated upon, and seven of these died. In 12
patients operation was delayed 12 or more
hours, usually because intra-abdominal
damage was not diagnosed, and five of
these patients died from causes directly
related to the intra-abdominal injury. Three
of these patients (Cases 1, 6 and 12) might
have lived if operation had been performed
earlier. Of the six operated upon within 12
hours of the accident, two died (Cases 20
and 21); in these two cases death probably
was unpreventable.
D iscussion an d R eview
L iteratu re

o f the

There is no particular difficulty in diag
nosing intra-abdominal injury when pene
trating or lacerating wounds of the abdom
inal wall are present: if the injury is not
obvious, it is usually suspected and fre
quently found. The diagnosis of intra
abdominal injury resulting from non-pene
trating abdominal trauma on the other
hand is fraught with difficulties, especially
when the condition is associated with se
vere multiple injuries.10 When deep shock
is present, only a few fortunate subjects
have the abdominal pain, tenderness and
rigidity that point to a diagnosis of perfora
tive gut lesions. Unless a high degree of
suspicion is maintained at all times and
repeated examinations made, the diagnosis
may be missed. Patients recovering from
the shock state should be watched for de
velopment of signs and symptoms indica
tive of intra-abdominal injury, and other
injuries must not be allowed to draw atten
tion away from the abdomen.
Such aids as hemoglobin and hematocrit
determinations, leukocyte counts, fourquadrant peritoneal tap, and radiographs
to detect free air in the abdomen some
times may be helpful but cannot be relied
upon to establish early diagnosis of intra
abdominal damage, and the two last-named
procedures are valuable only if the findings
are positive. As has been stressed by many
workers, including Williams and Zollin
ger,2- and Morton, Hinshaw and Morton,10
the symptoms and clinical signs are the
cardinal aids and are always more reliable
than laboratory tests in the diagnosis of
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this condition. McCallum13 also empha
sized that close observation of the patient's
clinical course is the most important guide
to diagnosis; and Penberthy and Reiners,17
in their excellent survey of visceral injury
caused by non-penetrating trauma, con
cluded: “There is no laboratory examina
tion or x-ray findings that can substitute
for the frequent and painstaking evaluation
by the alert clinician.”
Two of the patients (Cases 5 and 20)
should be considered as cases of open in
juries; both had abdominal-wall laceration
and obvious intestinal injury, and in such
circumstances diagnosis usually is straight
forward. (In Case 8 the penetrating wound
was of the perineum.) However, some of
the difficulties experienced in diagnosing
“closed” abdominal injuries are well illus
trated in this series. No fewer than seven
of the 20 patients who had non-penetrating
perforative injuries (excluding stress ulcer
and mesenteric laceration alone) had no ab
dominal pain, tenderness, or other signs or
symptoms of visceral injury (Table II) when
seen initially while in a state of shock.
Eleven had signs and/or symptoms and in
two cases this is not stated. Illustrative of
the need for extreme vigilance after the
period of shock, when abdominal signs and
symptoms may become evident, are Cases
4, 6, 7 and 12. The disappearance of ab
dominal signs and symptoms initially pres
ent may dispel suspicion, as in Case 1.
Fragments of fractured pelvis often rup
ture the bladder and even more frequently
give rise to urethral damage. However, very
few reports of rectal perforation from this
cause are found in the English literature
and, in the present series of 1309 cases, only
one patient was noted to suffer this compli
cation. Nevertheless, because of its serious
nature if overlooked, rectal injury must be
kept in mind, particularly when there is
severe comminution with jagged fragments.
It has been recognized for many years
that severe retroperitoneal or intra-abdom
inal injury may occur without external evi
dence,1, 18 and this point is illustrated fre
quently in casualty departments. Recently,
Migliaccio and Bowen115 emphasized its im
portance, especially in cases of compression
injury. In the present series four of the
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patients who had intra-abdominal injury
showed no external evidence of this. It is
important to remember also that in a con
siderable percentage of cases the intra
abdominal lesion is at a site remote from
that of the external force—frequently for
reasons we do not understand as yet, but
obviously related to the effects of various
degrees of force acting in different direc
tions and opposed by various types of
tissue.
The need for early operation was appre
ciated by many surgeons long before
present-day aids were available. In 1887
Curtis8 published his excellent essay, refer
ring to many earlier reports, and in 1908
Berry and Giuseppi3 analyzed 132 cases of
ruptured intestine during the period 1893 to
1907. The mortality rate among patients
in whom operation was performed more
than 12 hours after injury was reported to
be greater than 90% at the turn of the cen
tury3 and was reduced only to 66% 50 years
later,8 although in the second series only
14% of patients operated on less than
12 hours after injury died. In 1961 Griswold
and Collier,9 in their collective review of
cases of blunt abdominal trauma, declared
that delay is fatal and recommended ex
ploration whenever injury was suspected
but not definitely confirmed. Surgical inter
vention is advocated even when clinical or
laboratory evidence is slight or equivocal,
because the morbidity associated with ex
ploration is slight and the risk is negligible
when no intra-abdominal injury is found."
It is not suggested that 12 hours is the
critical post-trauma period, but this arbi
trary figure illustrates the point that the
patient’s chances of recovery are enhanced
when operation is not delayed. I recognize
that in some of the present cases operation
was delayed because of diagnostic difficul
ties, and that these difficulties probably
were due to the presence of more severe
multiple trauma (which in itself would ac
count in part for the higher mortality rate)
but, this notwithstanding, the sooner the
operation was performed the greater
was the survival rate.
It is noteworthy that, of the entire series
of 1309 pelvic fractures, the colon was per
forated in 10 of the 23 cases of non-pene
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trating trauma and that there was a pre
ponderance of intestinal perforation.11 This
is an unusual finding because injury to solid
viscera is generally said to occur more often
in association with blunt abdominal trau
ma,911 and whether it is indicative of a
different mechanism of trauma (specifically
in relation to pelvic fracture) or of increased
severity of the abdominal-wall injury is not
known. It is interesting (and may or may
not be indicative of the mechanism of in
jury) that with only one exception—a patient
who had hepatic laceration—there was, in
the entire series of 1309 patients, no case
of other intra-abdominal trauma associated
with bowel perforation and mesenteric
tear. There were 14 cases of liver laceration
and one of splenic injury without associated
gut perforation.
As would be expected, injury to the in
testines frequently is accompanied by tears
in the mesentery, but it is not known why
these injuries often are unrelated anatom
ically. In the present series many patients
had a large-bowel perforation associated
with a rent in the small-bowel mesentery.
Mesenteric laceration due to non-pene
trating trauma is not uncommon, but few
reports have appeared.15 Its occurrence has
been recognized for many years, and Curtis0
stated in 1887 that laceration or contusion
of the mesentery was the most frequent
complication of intestinal rupture. More re
cently Williams and Zollinger-2 observed
such lesions in 10% of their patients with
multiple injuries, 80% of whom had suf
fered non-penetrating trauma. In his study
of 265 similar cases, Wilson23 states that
44.4% of those with gastrointestinal-tract
lesions had mesenteric tears also. Totten’s
report20 of 12 patients, five of whom had
associated bowel perforation, confirms the
high mortality rate when this type of in
jury is severe. Mesenteric laceration, with
or without perforation, occurring as a re
sult of non-penetrating as well as penetrat
ing abdominal trauma, may be the site of
significant immediate hemorrhage, which
contributes to the shock state and may occa
sion difficulty in diagnosis. Bleeding may
be severe and may prevent reversibility of
the shock state, so that immediate surgical
exploration and repair becomes manda
tory. This situation should be kept in mind

260

THE CANADIAN JOURNAL OF SURGERY

when patients who have experienced blunt
abdominal trauma develop the signs of
shock. Whereas hemorrhage at the site of
gut perforation usually occurs in associa
tion with penetrating lesions and rarely
is severe enough to cause death, hemor
rhage resulting from mesenteric laceration
may prove fatal within a few minutes.0
One patient (Case 26) who had no other
lesion died less than four hours after in
jury, and the high mortality rate of severe
mesenteric laceration in this present series
(55.5%) parallels that reported by Totten20
in similar cases. The difficulty in diagnosing
the source of bleeding and the necessity
for prompt surgical intervention were
stressed by Migliaccio and Bowen.15
Delayed effects of mesenteric vessel
damage, such as gut devitalization result
ing from vessel interruption or gut infarc
tion due to mesenteric thrombosis, have
been reported by many authors.e- 14, 21
Braunstein et al* reported a high inci
dence of retroperitoneal hemorrhage, often
severe and frequently unrecognized, in as
sociation with pelvic fracture, and Baylis,
Lansing and Glas,2 who found it com
monly associated with trauma to the abdo
men, stated that it should be kept in mind
as a possible site of massive blood loss.
These latter authors stressed that it is im
possible to differentiate clinically between
intraperitoneal and extraperitoneal hemor
rhage in many cases. This injury may cause
abdominal pain and tenderness and in some
cases may produce a mass that can be pal
pated through the abdominal wall. Also,
it may be the source of blood obtained on
paracentesis.2, 11 Radiographs of the abdo
men may be helpful by depicting oblitera
tion of the psoas shadows. Often, however,
retroperitoneal hemorrhage cannot be dis
tinguished from intra-abdominal trauma
except at operation.2, 23 In eight of the 1309
patients reported here, exploratory opera
tion done because of the suspicion of intra
abdominal injury revealed only retroperi
toneal hemorrhage: none of these suffered
any serious postoperative complication.
Since James Long12 first described duo
denal ulcer associated with burns, many
such reports have appeared in the litera
ture. Gastric ulceration associated with
other forms of trauma, including fractures,
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has been described more recently.5 The socalled “stress ulcers” of the stomach and
duodenum are acute and usually shallow;
the most frequent complication is hemor
rhage. Conceivably these ulcers might per
forate. Another possibility is that a pre
existing ulcer might perforate at the time
of accident or be aggravated by the stress
state engendered by it.
Summary

Intestinal perforation was the most com
mon associated intra-abdominal visceral
lesion in a series of 1309 pelvic fractures.
The literature on this subject has been re
viewed. Twenty-five patients who had per
forative gut lesions with or without mesen
teric laceration were studied; one other
patient had a mesenteric lesion only.
In 23 of the 26 patients, the abdominal
injury was caused by non-penetrating trau
ma, and in two the gut lesion was associated
with penetrating wounds of the anterior
abdominal wall; one patient had a fracturefragment injury of the rectum in associa
tion with a penetrating wound of the per
ineum. Injury occurred in random fashion
in all portions of the large and small intes
tine. Multiple perforations were common
and in many cases involved both large and
small bowel. In only one patient did gut
injury cause a significant degree of hemor
rhage.
Mesenteric laceration occurred alone in
one case, and in association with gut per
foration in eight patients; the lacerations
were in areas opposing or unrelated to the
perforations. These lacerations bled pro
fusely, causing death in two cases and be
ing a major contributory factor in one.
Complications other than hemorrhage were
common, and the overall mortality rate
associated with this injury was high.
The onset of shock frequently masked
symptoms and signs of injury, rendering
diagnosis difficult and constant watchful
ness of the clinical state mandatory. Retro
peritoneal hemorrhage sometimes was in
distinguishable clinically from intra-abdom
inal trauma. External evidence of injury
often was unreliable as an indicator of the
presence or site of intra-abdominal damage.
In two cases, peptic ulceration occurred
as a result of, or was activated by, trauma.
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Resum e

Les fractures pelviennes peuvent etre accompagnees de lesions intra-abdominales, avec ou sans
signes externes. Les lesions intra-abdominales
peuvent etre situees loin du siege du traumatisme
de la paroi abdominale. On a etudie un groupe de
1309 malades souffrant de fractures pelviennes, en
vue d’etablir le pourcentage de cas accompagnes
de lesions intestinale ou mesenterique, de preciser
les effets intra-abdominaux des traumatismes par
objet contondant ou blessure non penetrante et
pour delimiter les problemes connexes. L ’article
examine egalement les cas d’hemorragie retroperitoneale et les ulcerations dues au stress qui
aecompagnent les fractures pelviennes.

clusive discussion of the merits and fau lts of
the different types of abdominal incision, of
various kinds of suture m aterial and an equally
inconclusive review of the factors involved in
abdominal-wall dehiscence.
T h e author asks more questions than he
answers. He fails to produce any facts that
are likely to persuade an experienced surgeon
to change or modify the technique to which
he is accustomed.
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ATYPICAL SMOOTH MUSCLE TUMOURS OF THE STOMACH8
PIERRE FOURNIER, M.D. and D. MAGNER, M.D., F.R.C.P.JC], Ottawa, Ont.

G astric neoplasms of smooth muscle origin
have been described that, histologically, do
not resemble ordinary leiomyomas because
their cells are rounded or polygonal and
have clear areas in the cytoplasm. In 1960
Martin et al.,1 in France reported six such
cases under the name “tumeurs myoides
intra-murales de l’estomac” and two years
later Stout2 described 69 similar lesions
which he termed “bizarre smooth muscle
tumors of the stomach”. One additional
case has been reported since that time.3
At the Canadian Tumour Registry (C.T.R.),
six of 23 gastric smooth muscle tumours are
in this category. This account of them is
given because they have been mistaken
for liposarcomas, anaplastic carcinomas,
TABLE

M aterials and M ethods

In five cases, formalin-fixed material and
in one case a paraffin-block specimen was
contributed to the Registry, with summaries
of the clinical findings. The gross features
of the lesions were described by their do
nors and descriptions of the fixed material,
made at the Registry, were also available.
The original Registry microscopic sections
were on hand and additional sections were
cut in each case. Sections were stained with
hematoxylin and eosin, mucicarmine, alcian
blue, by the periodic acid-Schiff (PAS)
technique, by a modification of the Bielchowsky technique for reticulum, for gly
cogen with Best’s carmine stain and for fat
with Sudan IV.

I . — C l i n i c a l F i n d i n g s i n S i x P a t i e n t s w i t h A t y p ic a l S m o o t h M u s c l e T u m o u r s o p t h e
Stom ach

Case C.T.R.
number number Sex Age
1
2
3
4

3929
6072
2480
2600

F
F
F
F

5

3350

M

6

6146

F

None—tumour was found
at autopsy
None—tumour was found
at autopsy
Severe anemia of unknown
duration
Hematemesis two days before
operation
52 Hematemesis one month
before operation
50 Epigastric discomfort and
belching of gas for five years.
Hematemesis 10 days before
operation

and other non-myogenic neoplasms. In
deed Stout harvested 108 suggested diag
noses for 69 of these tumours, muscle cell
origin being mentioned only 31 times. Most
of these tumours are benign and the physi
cian should be aware of their existence and
histological structure in order to avoid er
roneous diagnoses of more lethal lesions.
“From the Canadian Tumour Registry, National
Cancer Institute of Canada, Department of Path
ology, University of Ottawa, and the Department
of Pathology, Ottawa General Hospital, Ottawa,
Ont.

1*

Radiological
evidence
Principal
of
diameter Postgastric
of tumour operative
tumour Operation
(cm.)
course

Clinical
manifestations

68
65
83
67

f

—

—

—

—

Yes
Yes
Yes
Yes

Partial
gastrectomy
Partial
gastrectomy
Partial
gastrectomy
Partial
gastrectomy

3.0
3.0
8.0
2.5
5.0
5.0

__
__

■

1

Unknown
Alive and
well after
8H years
Alive and
well after
5 M years
Alive and
well after
3H vears

C linical F indings

These are summarized in Table I. Three
patients had hematemesis, two of these
had no previous gastrointestinal symptoms,
the third had epigastric distress and belch
ing for five years. A fourth patient had
severe anemia. Radiological examination
in these four cases demonstrated the gas
tric tumour and partial gastrectomy fol
lowed. Three patients were in good health
3 V2, 5 V2 and 8V2 years after the operation.
The fourth is untraced. Two tumours were
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found at autopsy in patients who died of un
related causes and had no known gastro
intestinal complaints.
P a th o lo g y

The tumours were circumscribed but un
encapsulated. They were intramural and
bulged up under the gastric mucosa,
projected into the gastric lumen but did
not disturb the serosal surface (Fig. 1). The
overlying gastric mucosa was ulcerated in
five of the six patients, including the four
who had gastrectomies. The tumours were
usually rounded or oval and measured
from 2.5 to 8 cm. in diameter. The consis
tency varied from soft to moderately firm

Fig. 1.—Case 1: The circumscribed, lobulated,
intramural gastric tumour has elevated the mucosa
over it, which is centrally ulcerated (x 3.5).

and the cut surfaces were glistening grey
ish-white or greyish-pink. The tumours
were in contact with the muscularis along
a segment of their borders in five cases
and in one case a large tumour had re
placed the muscle coat.
Histologically distinctive features of the
tumour cells were their rounded or poly
gonal shape and heavily vacuolated cyto
plasm (Figs. 2-4). The cells reacted nega
tively with stains for mucin and fat.
Glycogen stains on formalin-fixed tissue
were negative. The vacuoles varied in size,
shape, number and position, though many
were perinuclear. Coalescence of vacuoles
produced cells with clear cytoplasm. Resid
ual cytoplasm was faintly acidophilic, cell
borders were distinct and myofibrils ab
sent. The rounded nuclei were usually
vesicular but some were densely staining
and many had prominent nucleoli.

Fig. 2.—Case 1: A low-power view showing a
sheet of rounded and polygonal tumour cells with
cytoplasmic vacuolation (x 150).

Fig. 3.—Case 1: Another area under higher
power showing cytoplasmic vacuolation and some
variation in size of nuclei (x 530).

Fig. 4.—Case 5: Marked cytoplasmic vacuolation
with coalescence of vacuoles has produced tumour
cells with clear cytoplasm (x 390).

Numerous binucleated cells were seen
in all tumours and multinucleated cells
were present in four. Mitoses were present
in four cases but were rare. In three tu-
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mours a few areas were found where trans cell leiomyomas of the uterus have been
ition from fusiform, non-vacuolated smooth reported.5
muscle cells to large, rounded, vacuolated Berg and McNeer4 termed the cellular
cells seemed to be taking place (Fig. 5). alteration, “pseudolipoid hydropic degen
eration”, believing it to be degenerative
because the cells had pyknotic nuclei.
Martin et al.1 disagreed because, in their
cases, the nuclei were normal and the cells
healthy in appearance. Stout2 noted the
absence of necrosis and did not believe
that the cells were degenerating. In our
cases, a minority of the vacuolated cells
had pyknotic nuclei and the cellular altera
tion did not seem to be related to necrosis
or inflammation. A similarity of these cells
to pericytes, which are generally agreed to
be an afibrillar sort of muscle cell, was
Fig. 5.—Case 3. In this tumour rounded and noted by the French authors and by Stout,
polygonal vacuolated cells are mingled with fusi but these tumours are not hemangioperi
form smooth muscle cells (x 530).
cytomas.
Regarding malignancy, three of our four
The tumour cells were arranged in sheets symptomatic
are healthy 3%, 5!-2 and
in a delicate vascular stroma. Condensed 8V2 years aftercases
operation.
patient,
stromal bands sometimes produced lobula a woman aged 83 yearsTheat other
of
tion. The tumours were unencapsulated but operation, is untraced. One ofthethetimecases
were usually sharply outlined by surround reported by Martin et al. and two of
ing non-neoplastic, often compressed tis Stout’s are known to have developed metasue.
stases—three of 75 cases. In Berg and McNeer’s series of gastric leiomyosarcomas,
D iscussion
the histological pattern of cells with cyto
Grossly these tumours do not differ from plasmic clear spaces was not particularly
ordinary smooth muscle tumours of the associated with anaplastic tumours, or with
stomach. They grow as intramural, circum cases that had a poor prognosis. In Stout’s
scribed, unencapsulated masses that bulge words: “while these tumors seem to have
into the gastric lumen elevating the mu a malignant potential they seldom display
cosa, which usually becomes ulcerated. it”. It may be noted that satisfactory histo
Microscopically, the sheets of large, round logical criteria are lacking for the evalua
ed or polygonal, heavily vacuolated cells tion of the clinical behaviour of many
without myofibrils do not resemble, histo gastric smooth muscle neoplasms, even
logically, gastric leiomyomas and leiomyo those of ordinary pattern. Thus, Berg and
sarcomas. However, there is little doubt McNeer found that lesions considered to
that the tumours are of smooth muscle ori be leiomyosarcomas on histological grounds
gin. In three of our cases focal areas were usually were cured by excisional surgery
seen where the large vacuolated cells sur if no invasion of contiguous structures or
rounded small groups of smooth muscle gross evidence of metastases was present at
cells, and forms transitional between the operation.
two types of cells were also observed. This
latter finding was also noted by Stout.2 Summary
Furthermore, in otherwise typical smooth
muscle tumours, focal areas of cytoplasmic Six gastric tumours of smooth muscle
vacuolation may be found. Berg and Mc origin are reported that, histologically, did
Neer4 noted extensive vacuolation of tu not resemble ordinary smooth muscle tu
mour cells in five of 23 gastric leiomyosar mours of the stomach. They were com
comas. It is worth noting that two clear posed of rounded or polygonal afibrillar
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cells with vacuolated or clear cytoplasm.
Such tumours have been mistaken for liposarcomas, anaplastic carcinomas and other
non-myogenic neoplasms. The majority of
them are benign.
The authors are indebted to the following phy
sicians who donated the cases described in this
paper: Dr. A. P. Lapko, Hospital for Mental
Diseases, Brandon, Man. (C.T.R. 2480); Dr. E. V.
Liepa, Ottawa Civic Hospital, Ottawa, Ont.
(C.T.R. 2600); Dr. C. D. Chipman, Department
of Pathology, Dalhousie University, Halifax, N.S.
(C.T.R. 3350 and 3929); Dr. J. P. Burke, St.Louis-Marie-de-Montfort Hospital, Ottawa, Ont.
(C .T.R. 6072) and Dr. Jean-Louis Bonenfant,
Hotel-Dieu de Quebec, Quebec, Que. (C.T.R.
6140).
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TREATMENT OF THE AGING SKIN AND
DERMAL D EFEC TS. Perry A. Sperber. 105
pp. Must. Charles C Thomas, Springfield, 111.;
The Ryerson Press, Toronto, 1965. $7.00.

This brief book on the ageing skin could be
read for general interest only. The information
on facial plastic surgery is not new and as
the author indicates is copied from Foman’s
text. It is too scanty to be of any value to a
surgeon undertaking these procedures. The
chapter on exfoliation of the skin fails to em
phasize adequately the dangers of this treat
ment. It is scarcely used at all in this country
and in the United States only a minority of

R esume
Six cas de tumeur myogene de la paroi gastrique
sont decrits. A 1'ceil nu, ces tumeurs ne se distinguent pas des leiomyomes ordinaires; mais a
l’examen microscopique elles se caracterisent par
des amas de cellules arrondies ou polygonaies
afibrillaires avec cytoplasme fortement vacuolise
ou clair. Martin et al. dans six cas observes en
France designaient de telles lesions “tumeurs
myoides intramurales de I’estomac”.
L ’histopathologiste qui examine une tumeur
aussi trompeuse peut la confondre pour un liposarcome, un adenocarcinome anaplasique ou pour
quelque autre tumeur non-myogene. II est a
remarquer que Stout, dans un travail intitule
“Bizarre Smooth Muscle Tumors of the Stomach”,
comportant 69 differents cas, avait recueilli 108
diagnostics dont 31 seulement faisaient allusion a
une origine myogene.
Parmi les six cas observes, deux malades
etaient decedes d’une maladie n’ayant aucun rap
port avec les tumeurs trouvees fortuitement a
l’examen necropsique. Ces deux patients n’avaient
jamais manifeste de troubles gastriques.
Parmi les quatre vivants, trois s’etaient presentes
pour hematemese. Une patiente souffrait de ma
laise epigastrique et d’eructations depuis cinq ans.
Une octogenaire etait tres anemique. L a tumeur
avait ete delimitee a l’examen radiographique
chez les quatre malades. Tous ont ete traites par
une gastrectomie partielle. Trois patients sont
bien 3)1 ans 5% ans et 8)1 ans pres 1’intervention.
Nous ignorons le sort de la quatrieme.
Quant a la malignite de ces tumeurs, elle ne
se manifesterait que rarement, trois cas seulement
sur 75 ayant demontre des metastases. L a majorite,
quoique troublantes a l’examen microscopique,
seraient benignes.

specialists in this field favour it.
Augmentation by silicone fluid is treated in
a manner which makes the reader accept it as
a standard office procedure. As recently as No
vember 27, 1964 the Dow Corning Center for
Aid to Medical Research would not supply the
Dow Corning 360 Medical Fluid until a con
trolled investigation using an established pro
tocol had been done. They did not recommend
it for injection into humans at that time.
While the author’s enthusiasm for rejuven
ating the aged countenance is to be admired,
the text could be misleading to the inexperi
enced. It is not recommended for the average
surgeon’s library.
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CASE R E P O R T S
MALIGNANT TRANSFORMATION O F A RENAL ADENOMA:
REPORT OF A CASE*
RICHARD J. LONG, M.D., DAVID C. UTZ, M.D. and
MALCOLM B. DOCKERTY, M.D., Rochester, Minn., U.S.A.

Two main types of renal adenoma are
recognized: cystadenoma and solid ade
noma. The latter may be papillary, tubular,
or alveolar.1 They occur either in sclerotic,
scarred kidneys or in islets of nephrogenic
cells.2-5 It is generally accepted that many
adenomas are, in fact, small adenocar
cinomas.
Supporting this view, Cabot and Middleton3 pointed to the age incidence, which is
the same; the coincidence of carcinoma and
adenoma in the same kidneys; the lack of
uniformity in the structure of adenomas;
and the cellular structure of adenomas,
which in many instances is indistinguish
able from that of adenocarcinomas. To this
evidence may be added reports of a few
large so-called adenomas that exhibited
malignant transformation in some areas
within them/’’7 The following case report
gives further proof that renal adenomas are
in many instances small adenocarcinomas.

C ase R eport
A 50-year-old man first came to the Mayo
Clinic, Rochester, in February 1959, because
of left renal calculi. He had a five-year history
of recurrent left renal colic. In August 1958,
he had passed a stone, presumably from the
left side. An excretory urogram, arranged by
his family physician before admission, dis
closed two stones in the left renal collecting
system. At this institution, laboratory tests were
normal except for the finding of idiopathic
hypercalciuria. At left pelviolithotomy, two
calcium oxalate stones were removed; and a 1cm. cortical solid papillary adenoma of the
“From the Mayo Clinic and Mayo Foundation:
Section of Urology (Dr. Utz) and Section of Sur
gical Pathology (Dr. Dockerty); and the Mayo
Graduate School of Medicine, University of Min
nesota: Resident in Urology (Dr. Long) Roch
ester, Minn., U.S.A.

lower pole was also removed incidentally
(Fig. 1 ). The postoperative course was un
eventful.
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Fig. 1.—Section of lesion removed in 1959, con
sidered to be dark-cell papillary adenoma (Hema
toxylin and eosin; x 385).
In June 1965, he returned because of re
current left renal calculi. The left kidney was
re-explored, and demonstration of an abnor
mal hemorrhagic mass at the lower pole
prompted nephrectomy. On examination of
the specimen, we found three calcium oxalate
stones and a dark-cell adenocarcinoma,
grade 1, in the scar of the previously excised
lesion that had been considered to be an
adenoma. The recurrent tumour measured 3.5
x 2 x 2 cm. Because of the size, hemorrhage,
necrosis and histologic appearance, it was
designated an adenocarcinoma (Figs. 2 and 3 ).
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Fig. 2.—Section of recurrent lesion. Note his
tologic resemblance to Fig. 1 (Hematoxylin and
eosin; x 385).

D iscussion

Bell8 suggested that epithelial tumours
of the renal cortex less than 3 cm. in diam
eter are adenomas and those greater than
that are adenocarcinomas, although three
of the 65 “adenomas” in his series had
metastasized. McDonald and Priestley1*
have suggested that the frequency of
metastasis increases with the size of the
tumour.
The case presented here exemplifies the
histologic similarity between some sup
posed adenomas and adenocarcinomas. In
this man, the identical microscopic appear
ance of the two tumours and their location
in the same region of the same kidney
strongly suggest that these represented one
tumour and not two. Probably the regrowth
resulted from incomplete excision or spill
age of cells at time of the original surgery.
W e believe that solid renal adenomas are
small adenocarcinomas, and should be
treated, if solitary, by a wide excision or a
polar resection if so located.
Su m m a r y

A case is reported in which a so-called

Fig. 3.—Gross specimen o f kidney rem oved in
1935 (Hematoxylin and eosin; x 385).

dark-cell adenoma was locally excised
when found incidentally during pelviolithotomy at the Mayo Clinic, Rochester.
Six years later the same kidney was ex
plored for recurrent stones and a dark-cell
adenocarcinoma, grade 1, was found in the
same site. W e believe that solid renal
adenomas are small adenocarcinomas and
recommend wide excision or partial neph
rectomy if the tumour is solitary. Litera
ture supporting this opinion is reviewed
briefly.
R eferences
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R esume
Cette observation se rapporte a un patient chez
lequel un adenome a cellules basophiles avait ete
decouvert par hasard au cours d’une pyelolithotomie a la Clinique Mayo de Rochester, Minn, et
excise localement. Six ans plus tard, le meme
rein avait ete explore en vue de la recherche de
calculs recidivants et, au meme endroit, on decouvrit un adenocarcinome grade I du type a
cellules basophiles. Nous estimons que des adenomes renaux solides sont en fait de petits adenocarcinomes et nous conseillons une large ex
cision ou une nephrectomie partielle s’il s’agit
d’une tumeur solitaire. La litterature publiee a
l’appui de cette opinion est passee brievement en
revue.

O T T O P E L V IS A S S O C IA T E D W I T H F A M I L I A L D E G E N E R A T IV E
A R T H R O S IS O F T H E H IP JO IN T 9
EDW ARD H. SIMMONS, B.Sc.(M ed.), M.S., M.D., F.R.C.S.JC], F.A.C.S. and
DONALD A. GIBSON, M.D., F.R.C.S.JEng. & C], Toronto, Ont.

Since Otto1 first described a museum
specimen of intrapelvic protrusion of the
acetabulum and femoral head in 1824, the
list of publications on this subject has
grown steadily. Other terms commonly
used for this condition are “arthrokatadysis”
and “protrusio acetabuli”.
The clinical features have been well
described. The disorder occurs principally
among women who are in middle age at
the time of diagnosis.3 The youngest pa
tient so far recorded was an eight-year-old
girl.3 Increasing pain in the hip with
limited hip movement and pronounced
lumbar lordosis are the symptoms that
bring these patients to the physician.
The etiology of this condition is still un
settled. Old trauma, degenerative arthritis,
metastatic malignancy, late results of infec
tion,4 chondrodystrophy, osteomalacia, en
docrine disorders and gout have all been
suggested as causes.
“From the Department of Surgery, University of
Toronto and the Orthopedic Division of Sunnybrook Veterans’ Hospital, Toronto, Ont.
Read at the Canadian Orthopedic Association
Meeting, Delewana Inn, Honey Harbour, Ont.,
June 1963.

The lack of any real knowledge con
cerning the pathogenesis of this condition
has hindered understanding of the dis
order. The purpose of the present com
munication is to show that a familial fac
tor plays an important role in etiology of
intrapelvic protrusion of the acetabulum
and femoral head, as suggested by Muller5
and implied in the brief references to this
condition made in standard textbooks.
Sorsby0 suggested that there is a hereditary
background to this disorder and added
that “the trait appears to be due to a
dominant gene”.
C ase Report
A 38-year-old single woman of English an
cestry, the oldest in a family of 10 siblings,
sought active treatment for increasing pain in
her hips, particularly the left. She had noted
increasing difficulty in getting her knees to
pass each other while walking. A useful range
of flexion had been preserved in both hips but
no rotation. She had marked bilateral adduc
tion and flexion deformities of both hip joints,
with a marked lumbar lordosis. Her roentgeno
grams showed an obvious “Otto pelvis” with
bilateral degenerative arthrosis and, on one
side, multiple calcific bodies. This condition
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Fig. 1.—The patient’s hips in 1948. Note Otto
pelvis and calcific bodies in the right hip.
Fig. 4.—The patient’s hips after left arthroplasty.

Fig. 2.—The patient’s hips in 1953. Degenera
tive arthrosis is well established.

Fig. 3.—The patient’s hips in 1960. Degenerative
arthrosis is now advanced.

had progressed since the first radiographs of
her hips had been made in 1948 (Figs. 1-3).
Erythrocyte sedimentation rate, serum cal
cium, serum alkaline and acid phosphatase
levels were normal.
After much consideration a Moore replace
ment arthroplasty was performed on her more

Fig. 5.-T h e patient’s hips after bilateral arthro
plasty.

painful hip, the left one (Fig. 4), together
with a total capsulectomy and adductor and
iliopsoas tenotomies. Her postoperative course
was uneventful, until the function in the left
hip improved beyond her preoperative exer
cise capacity; at this point the right hip inter
fered with her further rehabilitation. Similar
procedures were then done on the right hip
(Fig. 5), and the immediate results were en
tirely satisfactory to the patient, in that her
pain was almost entirely relieved. She could
walk without her knees touching, and she
could sit and stand with her knees apart. She
still had a little flexion deformity in her right
hip and residual lumbar lordosis. During
examination the lordosis could only be re
duced with effort and slight discomfort.
Eighteen months after the second opera
tion, she had returned to her secretarial work
in the day and was running a small lodging
house before and after her office job. Her gait
was improving and her lordosis was less. She
could flex both hips to within a few degrees
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F a m il y H ist o r y

Fig. 6.—The patient squatting 18 months after
her operations.

of a right angle, and abduct them to 20°
(Fig. 6). Her locomotor function has not only
been maintained, but she has continued to im
prove over the three-and-a-half years since
her operations. She has been able to return to
university and take a degree in social work,
a program that has involved much walking.

During the interrogation of this patient
we discovered that other members of the
family had had hip problems. The father,
who left England as an orphan, had pain
in his hips before his death. One brother
had been told that he “had no hips”, and
other siblings had had hip complaints. In
vestigation of the family history produced
the information set out in Fig. 7.
The occurrence of three siblings with
Otto pelvis out of eight and of two more
with degenerative hip disease strongly sug
gests a familial disorder. Unfortunately the
father, being dead, cannot be further in
vestigated. The mother is probably not the
source because her family is largely free
from hip disease. The two maternal rela
tives with degenerative hip disease are
both elderly and asymptomatic (Fig. 7 ).
As yet it is too early to know whether the
next generation will be affected, because
the eldest child was only seven years old at
the time of the review. Until further infor
mation about this generation is available,
the existence of a common environmental
factor in this family cannot be ruled out.
The patient’s eldest brother has had pain
in his hips and back to a variable degree
since the age of 15. Up to the present (age
3 5 ), he has, however, not required major

Q

Radiographs - no hip disease prese:
Radiographs - Otto pelvis present

Degenerative changes present
(

(known to have had
"hip trouble")
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F*S- 7.—The patient’s family tree showing distribution of hip disease.
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Fig. 8.—The hips of the eldest brother. Note
the remarkable similarity between this radiograph
and that of Fig. 1.

surgery. The similarity of his roentgeno
grams to those of his sister is remarkable
(Fig. 8).
The next brother has had aching in the
hips intermittently from the age of 19 with
added backache more recently. At 34, how
ever, he is not incapacitated. His roent
genograms indicate a degenerative arthro
sis but no protrusio acetabuli (Fig. 9 ).
The next sibling is a sister who, at the
early age of 29, had had mild left hip
symptoms for two years, and has minimal
radiological evidence of degenerative arth
rosis of her left hip ( Fig. 10). The remain
ing four siblings are asymptomatic, and
show no evidence of degenerative arthrosis
on radiographic examination, but one has a
minimal degree of protrusio acetabuli on
the left side (Fig. 11). On examination the
hips of 10 members of the next generation
were clinically and radiologically normal.
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Fig. 9.—The hips of the second brother show
ing degenerative arthrosis but no Otto pelvis.

Fig. 10.—The hips of one sister showing early
degenerative arthrosis of the left hip.

D iscussion

It is recognized that a high incidence of
a given disorder in siblings without a com
plete study of the preceding and subse
quent generations does not establish that a
genetic mechanism of transmission is
operating.7 However, the finding of three
cases of protrusio acetabuli in eight sib
lings, and two other siblings under the age
of 40 suffering from degenerative hip
disease is remarkable and suggests that this
disorder has a familial basis.
Just as the etiology of this condition is
still unsettled, so is opinion concerning its

Fig. 11.—The hips of a younger sister showing
minimal degree of protusio acetabuli on the left
side.

treatment. The radiographs and history of
this patient were circulated among several
authorities on hip surgery on this continent
who offered very little in the way of sug
gestions for treatment, and certainly with
out any consistency of opinion.
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T h e prim e purpose of this com m unica
tion was not to suggest treatm ent, although
the results in this case w ere qu ite satisfac
tory.

2.

3.

Su m m a ry

4.

A 38-year-old woman is described who
had O tto pelvis associated with gross de
generative changes of the hip joints.
H er treatm ent consisted of bilateral
M oore replacem ent arthroplasties, total
capsulectom ies of the hip joints with ad
ductor and iliopsoas tenotom ies. A very
satisfactory result was obtained.
A review of the fam ily history revealed
that three out of eight siblings had Otto
pelvis and two others had degenerative hip
disease.
It is concluded that fam ilial factors play
an im portant p art in the etiology of Otto
pelvis, as previously suggested by others.
The authors wish to acknowledge the impor
tant contribution made to this study by Dr. David
Wilson who gathered much of the initial clinical
material.
R eferen ces
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zur Anatomie, Physiologie, und Pathologie

REGIONAL BLOCK. A handbook for use in the
clinical practice of medicine and surgery. 4th
ed. Daniel C. Moore. 514 pp. Illust. Charles C
Thomas, Springfield, III.; The Ryerson Press,
Toronto, 1965. $22.50.

This book has, for many years, been acclaimed
as the best available authority on regional
blocks, therefore a new edition is of special
interest.
The text has been entirely reset using the
original format but expanding it where neces
sary. New black-type paragraph headings and
improved illustrations make this already ex
cellent book even more useful.
The original plan of repeating every instruc
tion for each block has beeen maintained.
This obviates the necessity of reading the
whole or a major part of the book before doing
any particular block.

5.
6.
7.
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R esume
L ’auteur presente le cas d’une femme de 38
ans, ayant un bassin d’Otto et de fortes modifica
tions degeneratives des articulations de la hanche.
Le traitement a consiste en des arthroplasties
de remplacement bilaterales (Moore), des cap
sulectomies totales des articulations de la hanche
avec tenotomies de l’adducteur et de 1’iliopsoas.
Ces interventions ont donne de tres bons resultats.
La revue des histoires familiales a revele que
trois enfants sur huit avaient un bassin d’Otto et
que deux autres souffraient d’une maladie degene
rative de la hanche.
Les auteurs concluent que des facteurs familiaux
jouent un^ role important dans l’etiologie de la
maladie d’Otto, comme d’autres auteurs l’avaient
deja suggere auparavant.

Of particular interest is the expansion of the
material on systemic and allergic reactions to
local anesthetics, and the use of vasoconstrictor
drugs.
New chapters have been added on para
cervical block, axillary brachial plexus block,
and intravenous local anesthetic block. The
first will be of special interest to obstetricians
and general practitioners doing obstetrics, and
the last two are extremely useful in general
and plastic surgery. The section on the intra
venous local block is particularly well done.
There is also a new section on continuous
epidural blocks, and the section on alcohol
blocks has been improved.
To summarize, anyone doing nerve blocks
should have this book and those who have
the third edition will want to own the fourth
edition.
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DYSPLASIA EPIPHYSIALIS M U LTIPLEX: A REPORT OF A CASE0
EUGENE A. TRUDEAU, M.D., Vancouver, B.C.

T he condition now known as “dysplasia

epiphysialis multiplex” was first described
by Fairbank1 who, in 1947, collected 20
such cases from the literature. He sug
gested that it was a developmental error in
which the main features were dwarfism,

incidence was equal. None of his cases had
involvement of the teeth or spine and no
impairment of intelligence or sexual func
tion was noted. Laboratory findings were
normal.
Weinberg, Frankel and Makin2 reported

Fig. 1.—Hips at seven years of age. There is some irregularity of the epiphyseal lines and slight
broadening of the femoral necks.

stubby fingers and mottled epiphyses. Less
frequent features were subluxed radial
heads, limited shoulder abduction, knockknee and bow-leg deformities, platyspondylia, dislocated patellas, elongated fibulas
and delay in ossification of carpals and
tarsals. Associated pain and disability was
usually related to the hips and knees. Sex
*From the Department of Surgery, University of
British Columbia and the Vancouver General
Hospital, Vancouver, B.C.

114 cases in six generations of the same
family, indicating that it was a familial and
inherited condition. The lower limbs were
mainly involved in their cases.
The case reported in this communication
had widespread disease in all bones of the
extremities.
C ase R eport
The patient was first seen at th e age of 18
months becau se of a tendency to stum ble.
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Shoe wedges were ordered and he was not
seen again until he was seven years of age. At
that time he presented with a history of
stumbling and falling. Radiographs of his hips
(Fig. 1) showed slight irregularity of the
epiphyseal line and a fragmentation of the
epiphysis of the greater trochanter. Radio
graphs of his knees (Fig. 2) showed irregular
epiphyses, secondary ossification centres and
mulberry-like changes of density in the patella.
A year later radiographs of his hips and knees
had a similar appearance but there was slight
progression
of the irregularity of the
epiphyses.

Fig. 2.—Knees at seven years of age showing
irregular outline of femoral and tibial epiphyses
and peripheral stippling.

The boy returned at the age of 16 complain
ing of pain and stiffness in his hips and
thighs. In the interval he had been doing
heavy physical labour clearing land on his
father’s farm. Hip pain had gradually forced
him away from this activity but he still took
part in sports, although he tired easily.
Examination revealed a somewhat poorly
nourished boy, intelligent and alert; he had a
slight waddling gait and increased lumbar
lordosis. He was 60 inches tall (Fig. 3 ). There
was full range of motion of the upper extremi
ties except for limitation of abduction of the
shoulder to 80°. The hands showed typical
stubby fingers preserving their relative lengths.
The lower limbs revealed a left genu varum
and a right genu valgum. There was moderate
flatfeet and valgus position of the heels. Leg
lengths were 32 inches from anterior superior
spine to medial malleolus. Ankle and knee

Fig. 3.—Patient at 16 years of age. He is 60
inches tall. There is some genu varum on left and
genu valgum on right.

Fig 4.—Hips at 16 years of age. There is gross
fragmentation and collapse of the capital femoral
epiphysis, broadening of the neck and prominence
of the greater trochanter. The acetabulum is irre
gular in outline.
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Fig. 5.—Knees at 16 years of age showing gross
irregularity of the femoral, tibial and fibular
epiphyses. The fibula on the right is abnormally
long proximally.

motion were full. A flexion contracture of 30°
was present in each hip with further flexion to
95°. Internal rotation was nil, external rota
tion 15° and abduction 10°. Reflexes and
muscle power were normal. Back motion was
full.
The following laboratory tests were normal:
blood count, urinalysis, serum calcium, phos
phate, chloride, bicarbonate, sodium, serum
proteins, thymol turbidity, fasting blood
sugar, cholesterol, uric acid, blood urea nitro
gen, protein-bound iodine, urine amino acids,
sedimentation rate and Wassermann reaction.
Alkaline phosphatase was 20 King-Armstrong
units on two occasions.
Radiographs of the skeleton revealed most

Fig. 6.—Ankles at 16 years of age. There is
lateral wedging of distal tibial epiphysis with
angulation of ankle joint and accommodating de
formity of talus.

of the features of this condition. The degenera
tion of the hips (Fig. 4 ) had progressed
markedly with fragmentation and collapse of
the capital epiphysis, coxa vara and widening
of the neck. The greater trochanter was promi
nent. The knees (Fig. 5) had severe irregu
larities of the tibia], femoral and fibular
epiphyses. The patella was also involved. At
the ankles (Fig. 6 ), there was lateral wedging
of the distal tibial epiphysis with angulation
of the ankle joint and secondary moulding of
the talus. The shoulders (Fig. 7 ) were also

Fig. 7.—Shoulders at 16 years of age showing flattening, loss of convexity and irregularity of
surface. Glenoid rim is also irregular.
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Fig. 8.—Elbows at 16 years of age. Epiphyses
are irregular and fusion is retarded.

Fig. 10.—Spine at 16 years of age. Normal ap
pearance.

Fig. 9.—Hands at 16 years of age showing irre
gular distal radial, distal ulnar, metacarpal and
phalangeal epiphyses. The shape of the carpals is
abnormal and the metacarpals are stunted.

m oderately involved with flattening, loss of
convexity and irregularity of th e proximal
hum eral epiphysis. The glenoid rim was also
affected. The elbows (F ig . 8 ) also presented
poorly developed humeral, radial and ulnar
epiphyses. At the wrist and hand (F ig . 9 ) all
epiphyses were affected w ith abnormally
shaped carpals and stunted metacarpals. The
spine (F ig . 1 0 ) was normal. T h e epiphyses
generally w ere retarded in their development
by an average of three years.

Fig. 11.—Hands of uncle at seven years of age.
The epiphyses of the phalanges and metacarpals
are poorly developed and irregular.

F a m i l y H is t o r y

A suggestion of this condition was found
in other members of the family on the
mother’s side. The grandfather had had
severe hip disability as a young man; no
radiographs were available for confirma-

Fig. 12.—Hips of uncle at 13 years of age. The
irregularity of joint surfaces is still evident.

July 1966

DYSPLASIA EPIPHYSIALIS M U LTIPLEX

tion. The uncle, now 30, had been treated
at seven years of age for suspected LeggPerthe-Calve’s disease with braces, spica
casts and crutches. Radiographs of his
hands (Fig. 11) showed abnormal epiphyses
suggestive of epiphyseal dysplasia. Radio
graphs of his hips from age seven to 15
(Fig. 12) did not show the features typical
of Legg-Perthe-Calve’s disease but showed
irregular proximal femoral epiphyses.
Serial radiographs during this period
showed similar capital epiphyseal changes.
The patient’s mother, aged 40, had
stubby fingers but no other clinical signs
of disease; joint motion was full and she
had no joint complaints. She was of aver
age stature. Radiographs of her hips and
knees showed minimal involvement. There
was slight coxa vara and irregularity of
femoral heads. The distal femurs were
squared off and their joint surfaces
flattened.
The patient’s two male siblings, aged 11
and 13, revealed no clinical or radiographic
evidence of involvement.

277

epiphysialis multiplex is described who
illustrates the classical feature of the con
dition, as first described by Fairbank. All
joints of the extremities were involved but
the disability was chiefly in the hips and
knees. The spine was spared. Riochemical
investigation was normal.
In this case, a familial tendency to this
disorder was noted. An uncle had moder
ate epiphyseal involvement during child
hood which healed leaving him with nor
mal hips. A grandfather had hip disability
as a young man. The mother had minimal
radiological changes but no disability. Two
siblings were spared. A point of great in
terest is the progression to severe involve
ment in the patient while the uncle, who
had epiphyseal changes as a child, re
covered and now has normal joints.
Referen c es

1. F a ir b a n k , T .: Dysplasia epiphysialis multi
plex, Brit. J. Surg., 34: 225, 1947.
2. W e in b e r g , H., F r a n k e l , M. and M a k in , M.:
Familial epiphyseal dysplasia of the lower
limbs, J. Bone Join t Surg. [Brit.], 42B: 313,
1960.

D iscussion

The wide variation in severity of the
dysplasia in different members of this
family is of considerable interest. This is
in accordance with the present belief that
the condition is transmitted as an auto
somal dominant with variable expressibility. The patient described in this report
had involvement of all bones of the ex
tremities to a marked degree but his
siblings showed no sign of the disease. His
mother had minimal involvement while in
the uncle the hips were moderately in
volved. It is interesting that he had rela
tively normal hips after completion of
growth. The uncle and his nephew (the
patient in this report) had approximately
the same degree of involvement in their
initial radiographs and yet on the termina
tion of growth, one had relatively good
hips while the other had severely dysplastic
Hip joints.

Sum m ary

A 15-year-old boy with severe dysplasia

R esu m e
L ’auteur presente un cas de dystrophie osteochondrale polyepiphysaire chez un gargon de 15
ans et qui presente les caracteristiques classiques
de l’affection decrite par Fairbank. Toutes les
articulations des extremites etaient gravement
atteintes et l’enfant presentait des troubles des
hanches et des genoux. L’histoire avait commence
durant sa premiere enfance, ou on avait constate
qu’il avait tendance a trebucher. Les premieres
radiographies prises alors qu’il avait sept ans revelaient une atteinte precoce des hanches. Des radio
graphies ulterieures revelaient une atteinte epiphysaire progressive. Le malade continue d’etre actif,
mais on constate une diminution de sa capacite
pour les exercices physiques. Son epine dorsale a
ete epargnee. Au point de vue biochimique,
aucune anomalie.
On a pu mettre en evidence une tendance
familiale. Un grand-pere maternel avait presente
des troubles des hanches alors qu’il etait adoles
cent. Un oncle du malade, alors enfant, avait pre
sente des modifications epiphysaires qui ont cependant regresse par la suite, au point qu’il a maintenant des articulations normales. La mere a des
signes radiologiques minima, mais aucune infirmite
clinique. Deux rejetons sont normaux. 11 importe
de mettre en parallele l’aggravation dans Revolu
tion du cas presente avec la regression constatee
chez l’oncle, dont les articulations sont redevenues
normales. La distribution familiale de la maladie
est compatible avec le principe que cette pathologie est transmise par un autosome dominant dont
1’expressibilite est variable.
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INTUSSUSCEPTION COMPLICATING APPENDECTOMY:
A CASE REPORT
S. E. O 'BRIEN, M.D., F.R .C .S.fC ], F.A.C.S., H am ilton, Ont.

in older children and
adults is usually associated with some etio
logical lesion in the bowel or its mesentery,
such as polyps, benign or malignant tu
mours of the bowel, and Meckel’s diver
ticulum. Recently I encountered a most
unusual intussusception, complicating an
exceedingly common surgical procedure,
namely, appendectomy. Because a search
of the literature indicated that this type
of intussusception is extremely rare, the
following case is herewith reported.
I ntussusception

C ase R eport
P.S., an 11-year-old boy previously in good
health was admitted to St. Joseph’s Hospital,
Hamilton, on May 14, 1963, with acute ab
dominal pain. The pain began 24 hours previ
ously and was generalized at first, but after
several hours it became localized to the right
lower quadrant. It was accompanied by vomit
ing. His bowels had moved normally the pre
vious day and he had had no urinary symp
toms.
Physical examination revealed a wellnourished young boy in obvious distress with
abdominal pain. His pulse and temperature
were normal. Examination of the heart and
lungs was normal.
The abdomen was not distended but there
was marked tenderness and rigidity over the
right lower quadrant. Rebound tenderness
could be elicited over the entire lower abdo
men. No mass could be palpated. There were
no hernias. Rectal examination revealed acute
tenderness in the right side of the pelvis but
a mass was not palpable.
Urinalysis was normal and the white blood
count was 16,000/c.mm.
A diagnosis of acute appendicitis was made
and operation was recommended. At operation,
through a MeBurney incision, the appendix
was quite swollen, acutely inflamed and coated
with fibrinous exudate. Routine appendectomy
was performed and the appendiceal stump
was invaginated with a purse-string suture as
is my custom.
The postoperative course was uneventful
until the third day postoperatively when the
boy complained of bouts of rather severe ab“Suite 208, Medical Arts Building, Hamilton, Ont.

dominal pain. These were attributed to “gas
pains”. The following day, however, the pain
was still present and was much more severe
and caused the boy to scream out. The pain
was definitely colicky and in between the bouts
he was relatively comfortable. He vomited
several times during the fourth day.
Examination at that time revealed slight
abdominal distension. One could easily feel a
tender sausage-shaped mass in the midabdo
men. A plain film of the abdomen revealed
nothing abnormal and the white blood count
was 11,500/c.mm.
In view of the history and physical findings,
however, a diagnosis of intussusception was
entertained. A barium enema examination was
considered but because of the recent append
ectomy I was somewhat fearful of producing a
perforation of the cecum. Laparotomy seemed
the safest course to follow.
Consequently on May 18, the fourth post
operative day, a laparotomy was carried out
through a right paramedian incision. There
was a small amount of straw-coloured fluid in
the peritoneal cavity. An ileo-colic intussus
ception was found the apex of which was
located at the hepatic flexure. The intussuscep
tion was easily reduced and the bowel was
quite viable. After reduction it was apparent
that the leading point of the intussusception
was the invaginated appendiceal stump. The
cecal wall about the stump was somewhat
edematous and a few drops of pus were dis
covered.
Following the operation there was some
tenderness and swelling at the incision but
this regressed without drainage. The patient
was discharged from hospital on May 29, 15
days after admission. Three years later he has
had no recurrence of the intussusception.
D iscussion

Because of the widespread practice of
invaginating the appendiceal stump into
the cecum, thus creating a local “iatrogenic”
lesion, one would expect this type of intus
susception to occur more frequently, par
ticularly in those patients with a very mo
bile cecum. Orloff1 in his extensive collec
tive review of intussusception, however,
makes no mention of this particular type.
Thomson,2 at the Hospital for Sick Children
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in Toronto, states that this condition has
never been encountered in his institution,
nor has he been able to find any references
to it in the hospital library.
Intussusception o f the appendix itself has
been reported in the literature, and par
ticularly intussusception o f a m ucocele of
the appendix. H ow ever, only two refer
ences to intussusception o f the appendiceal
stump have been encountered. Fraser,3 in
a review of 82 cases o f intussusception of
the appendix, included four cases of intus
susception of the appendiceal stump. The
time interval follow in g appendectom y
varied from 12 days to 4% years in these
cases. Little4 reported a case from the Mas
sachusetts General Hospital; an eight-yearold boy who developed an intussusception
several days follow ing appendectom y: in
this instance the appendiceal stump acted
as the leading point o f the intussusception.
C onclusion
A case is reported in which intussuscep
tion of the appendiceal stump occurred as
a complication o f appendectomy. R eview
o f the literature indicates that only five
similar cases were previously reported. The
extreme rarity o f this complication, despite
the extremely widespread practice o f in-

EMERGENCY ANAESTHESIA. Edited by Harry
L. Thornton and Peter F. Knight. 451 pp. Must.
Edward Arnold (Publishers) Ltd., London; The
Macmillan Company of Canada Limited, Toron
to, 1965. $18.00.

The editors, with the aid of 10 contributors,
have produced a well-written, interesting, co
hesive and useful book on emergency anes
thesia.
Some chapters are quite short, others are
longer but all are beautifully written. Sections
that stand out are those on fluid and electro
lyte balance, conduction analgesia, anesthesia
for thoracic emergencies, and anesthesia for
maxillo-facial, ENT and dental emergencies.
The section on conduction analgesia very nice
ly covers drugs and techniques in only 47
pages, with the aid of some excellent photo
graphs. Prilocaine (Citanest) is not mentioned
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vaginating appendiceal stumps, is as yet
unexplained.
R eferen ces

1. O r l o f f , M. J.: Intussusception in children and
adults, lnt. Abut. Surg., 102: 313, 1956.
2. T h o m s o n , S. A.: Personal communication.
3. F r a s e r , K.: Intussusception of appendix, Brit.
J. Surg., 31: 23, 1943.
4. L i t t l e , J. B.: Pain and abdominal mass fol
lowing appendectomy, J. A. M. A., 180 :
544, 1962.

R esume
L invagination qui se produit chez les grands
enfants- et les adultes accompagne generalement
une lesion intestinale locale, polypes, tumeurs
benignes et malignes et diverticule de Meckel.
L auteur signale un cas extraordinaire d’invagination qui est survenu dans sa pratique personnelle.
Le malade etait un gargonnet de 11 ans qui
avait subi une appendicectomie pour appendicite
aigue suppuree. Trois jours apres l’operation, il
se plaignit de douleurs abdominales du type colique et, par la suite, presentait une masse abdorninale tres sensible. Au quatrieme jour de la periode
post-operatoire, on proceda a une laparotomie qui
mit en evidence une invagination ileocecale, Ie
sommet de cette invagination etant constitue par
le moignon appendiculaire invagine. II fut facile
de reduire l’invagination. L ’intestin etait sain et
le malade guerit sans incident.
En fouillant la documentation medicale, on n’a
retrouve que deux cas de cette forme d'invagination, interessant le moignon appendiculaire. Etant
donne la pratique courante d’invaginer le moignon
appendiculaire, on devrait s’attendre a rencontrer
plus souvent cette complication.

but this is a minor point, because lignocaine
(Xylocaine) still enjoys a wide popularity and
probably rightfully so. Fluid and electrolyte
balance is well presented and thus easily un
derstood.
The highlighting chapter is “Emergency An
aesthesia in the Presence of Intercurrent Dis
ease” written by the editors. In 38 pages, the
problems, the preoperative anesthetic and
postoperative management of metabolic, endo
crine, cardiovascular and respiratory disease,
neuromuscular disorders, and blood dyscrasias
are succinctly presented. This chapter alone
justifies the purchase of the book.
Each chapter ends with a list of recent
references. The book is well bound and printed
on^good glossy paper.
“Emergency Anaesthesia” can be recom
mended unreservedly to all those interested in
emergency anesthesia.
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EXPERIMENTAL SURGER Y
OBSERVATIONS ON TH E USE OF THAM IN ACUTE
CYANOTIC CARDIAC FAILURE*
G. A. TRUSLER, M.D., F.R.C.S.fC], F.A.C.S., M. N. SROUJI, M.D. and
W. ZINGG, M.D., F.R.C.S.fC], F.A.C.S., Toronto, Ont,
F o r some years we have observed that
after an apparently satisfactory cardiac
operation on an infant, a progressive and
fatal cardiorespiratory deterioration occa
sionally occurred. Correction of the asso
ciated metabolic acidosis resulted in clini
cal improvement and some prolongation of
life but usually the eventual outcome was
not altered. Just when the acidosis started
was not apparent, and we wondered
whether an unrecognized acidosis might
develop during an operation and, at least in
part, be responsible for the occasional sud
den cardiac arrest.
Gootman, Scarpelli and Rudolph1 dem
onstrated metabolic acidosis in four cyano
tic children during cardiac catheterization.
Subsequently, careful observation of seri
ously ill infants just before operation re
vealed that a small but appreciable num
ber were acidotic. Respiratory assistance or
the administration of alkali produced some
clinical improvement. On further con
sideration it seemed probable that the
maneuvers involved in a cardiac operation
would produce or aggravate an acidotic
state in some children; an example is
shown in Fig. 1, a child with transposition
of the great vessels undergoing a BlalockHanlon procedure in which an atrial septal
defect is created. Unfortunately, it has
proved difficult to study these metabolic
changes adequately in the operating
theatre.
It is most important to understand the
physiologic significance of a metabolic
acidosis. The literature is extensive and
*From the Department of Surgery and Research
Institute, The Hospital for Sick Children, Toronto,
and the University of Toronto, Ont.
Supported by National Health Grant No. 605-7250 and the Ontario Heart Foundation.

controversial; many authors have con
cluded that acidosis decreases ventricular
contractile force and cardiac output2'5
whereas others6' 7 dispute this. Clowes et
al.s•9 describe a more profound reduction
in cardiac output when acidosis and
hypoxia coexist. Similarly, Manger et al.w
reported increased survival in experimental
hemorrhagic shock when acidosis and
hypoxia were treated simultaneously.
THAM (2 amino-2 hydroxymethyl-1, 3
propanediol) is a most effective therapeutic
buffering agent whether the acidosis is
metabolic or respiratory.1113 However, in
oligemic shock, the evidence concerning
the effect of THx\M on survival is conten
tious.1416 Similarly, in low blood flow ex
periments, the effect of THAM on survival
is not completely clear.17'20

Fig. 1.—Creation of an atrial septal defect. The
venous pC02, pH and base excess levels in an in
fant with transposition of the great vessels are
shown before, during and after creation of an
atrial septal defect. A mild preoperative metabolic
acidosis is seriously increased during the operative
procedure. The rapid return to normal following
the operation is aided by respiratory assistance.
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Accordingly the study was taken to the
laboratory where a hemodynamic situation,
comparable to that in a child with a cyano
tic congenital heart lesion, was devised in
the dog by anastomosing the main pulmon
ary artery to the left atrium and then
pardally obstructing pulmonary blood flow.
The occurrence of acidosis and the effect
of treatment with THAM were then ob
served.
M etho :>

Healthy mongrel dogs, weighing be
tween 9 and 15 kg. were anesthetized with
intravenous pentobarbital (Nembutal), 30
mg./kg., supplemented with nitrous oxide.
The trachea was intubated and the animals
were connected to a constant-volume res
pirator (Air-Shields Inc.) at a volume of
250 to 350 c.c. and a rate of 12 to 16 times
per minute.
Both femoral arteries and veins were ex
posed and cannulated. Femoral arterial
pressure, central venous pressure, electro
cardiogram and rectal temperature were
monitored continuously. Before making the
thoracotomy incision, arterial blood, pH,
pC02, pO, and hemoglobin estimations
were made and the respirator adjusted to
maintain normal pulmonary gas exchange.
A left fourth interspace thoracotomy in
cision was made, the lung retracted, the
pericardium opened and the main pulmon
ary artery and its branches briefly dissected.
A 5-6 mm. side-to-side anastomosis was
constructed between the main pulmonary
artery and the left atrial appendage (Fig.
2) in order to create a permanent rightto-left shunt. The right pulmonary artery
was narrowed to 3.0 mm. by ligation over
a small metal rod, which was then re
moved. The left pulmonary artery was li
gated completely. An underwater drain
was placed in the left pleural space and the
incision closed.
Arterial blood samples were taken in
heparinized syringes for determination of
pH, pCCb, pO, and hemoglobin, just before
ligating the pulmonary arteries and at spe
cific intervals thereafter for the next five
hours. The pH was estimated with a glass
electrode and a constant temperature In
strumentation Laboratory Inc. pH meter.

Fig. 2.—(a) Construction of a side-to-side anasto
mosis between the left atrium (LA) and the main
pulmonary artery (MPA), (b) Blood flow to the
lungs is decreased by completely ligating the left
pulmonary artery and partially ligating the right
pulmonary artery to an internal diameter of
3.0 mm.

The pCOL,estimation was carried out using
a Severinghouse electrode, and a Clark
electrode was used for the pO, values. Base
excess was calculated from the SiggaardAnderson alignment nomogram.
Group I contained six dogs. Two dogs
were given minimal amounts of fluid intra
venously. Of the four subsequent dogs, two
were given a 1M. solution of THAM* in
“THAM-E; Abbott Laboratories Ltd., Montreal,
Que.
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in

S i x D o g s in G r o u p I

pCOi
(mm. Hg)

pH

B a s e excess

Dog
num ber

Intravenous

1 hr.

Lowest

1 hr.

H ighest

3
6
15
17
13
16

Nil
Nil
Glucose
Glucose
TH A M
TH A M

7 .3 8
7 .4 0
7 .3 7
7 .33
7 .3 3
7.61

7 .0 7
7 .1 3
7 .15
7.11
7 .2 4
7 .3 0

30
35
53
41
56
33

41
46
56
77
68
76

10% dextrose at 5 ml./kg. body weight/hr.
starting immediately after application of
the ligatures to the right and left pulmon
ary arteries. For a control, the other two
dogs were given 10% dextrose in similar
amounts and at the same time.
Group II was made up of 10 dogs that
were given decamethonium bromide (Syncurine) 1.5 to 2 c.c. intravenously at the
start of the observation period, and as
needed thereafter to prevent spontaneous
respiratory activity.
R esu lts

The results obtained in the first group
(six dogs) are summarized in Table I and
shown graphically in Fig. 3. In the six dogs,
the duration of survival between those re
ceiving THAM, glucose or minimal intra
venous fluid, did not differ significantly de
spite the fact that the two dogs with THAM

Vol. 9

1 hr.
+
+
+

Lowest

1 hr.

Low

-1 8
—15
-1 2
-1 2
+ 2
+ 3

25
26
30
29
29
36

25
23
23
22
21
33

6
1
4
4
3
11

D uration
of
survival
(hr.)

pO-2
(mm. Hg)

2
5
3
5
4H
4J4

maintained a relatively normal pH and
base excess. All dogs developed a compar
able severe reduction in p 0 2 and this was
fairly constant throughout the observation
period. In the four dogs not given THAM,
acidosis developed slowly and was still
minor one hour after left pulmonary artery
ligation, due to a marked hyperventilation
with respiratory rates of 80-100/min. even
on the respirator. At one hour the pCOL,
was surprisingly low when one considers
the degree of right-to-left shunt. Later the
pH and base excess fell and the dogs died.
To avoid this compensatory hyperven
tilation, respiratory paralysis was induced
in the second group of dogs and they were
maintained on the respirator throughout
the period of observation. After the com
pletion of the experimental procedure,
acidosis developed rapidly within one hour
and persisted until death. These changes
are summarized in Table II and Fig. 4.
Without hyperventilation there was a rapid
rise in pCO,. In the control animals receiv
ing glucose, a rapid fall in pH and base
excess was seen. The dogs given THAM
maintained a normal base excess but, due
to inadequate correction of the respiratory

T A BL E II.— R
a fter

Fig. 3.—E ffect of main pulmonary artery-left
atrial anastomosis on respiratory rate, pCO;>, pH
and base excess when spontaneous respiratory
activity was allowed. Even while connected to the
respirator,
respiratory
rates
of
80-100/min.
occurred and, by lowering the pCOL>, temporarily
compensated for the gradually increasing meta
bolic acidosis.

e s u l t s in 10 D o g s in G r o u p II, O n e H o u r
C o m p l e t io n o f t h e E x p e r i m e n t a l P r o c e d u r e

Dog
number

Intra
venous

pH

P2
p3
Ps
Pl4

Glucose
Glucose
Glucose
Glucose
Glucose

6.96
6.81
6.91
6.91
7.18

Ps
p9
PlO
Pll
Pl2

THAM
THAM
THAM
THAM
THAM

7.38
7.10
7.16
7.28
7.27

pC 02

Base
excess

pOo

Duration
of
survival
(hr.)

71
100
98
100
78

-1 7
-2 4
-1 6 .5
-1 8
- 7 .5

53
31
41
42
26

Wt
i'A
1H
1H
1

46.5
100
100
55
64

+
+
—

Average 2}/i hr.
2
4 .5
2
2
7

41
42
46
42
37

3H
4
5
3M
2

Average 3}^ hr.
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Fig. 4.—Main pulmonary artery-left atrial anastomosis. Prevention of hyperventilation by res
piratory paralysis resulted in a rapid rise in pCCL. Control animals exhibited a marked fall in pH
and base excess with early death. Maintenance of a normal base excess with THAM gave some pro
longation of survival.

component, there was a mild lowering of
pH levels. Only one of the control dogs sur
vived for more than two hours, whereas
all of the dogs receiving THAM survived
two hours or longer.
D iscussion

The experimental model produced by
anastomosing the main pulmonary artery
to the left atrium, narrowing the right pul
monary artery and ligating the left pulmon
ary artery, is similar to the situation in a
child with pulmonary stenosis and a rightto-left shunt, such as tetralogy of Fallot.
Unfortunate infants with this malformation
may suffer further impairment of their
hemodynamic or biochemical state in a
number of ways while undergoing cardiac
surgery. Retraction and compression of the

lung may not only reduce gas exchange
but may allow further right-to-left shunting
through the collapsed lung. Traction on, or
clamping of the pulmonary artery may re
duce effective pulmonary blood flow. The
result is a further fall in p 0 2 with a rise in
p C 0 2 and, if sufficiently severe, acidosis
similar to that seen in this experiment may
occur.
The first group of dogs did not receive
muscle relaxants and were able to compen
sate with respect to the acidosis by marked
hyperventilation; they survived for some
hours despite a very low pO,. The control
animals of the second group, who were
given muscle relaxants and maintained on
the respirator, rapidly developed a high
pCO, and negative base excess with, in most
cases, early death. Because of an open chest
and respiratory paralysis, the infant under-
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going heart surgery cannot ventilate spon
taneously. It is worth emphasizing, there
fore, to both surgeon and anesthetist, the
need for minimal retraction and optimum
ventilation of the lungs.
In the second group, the dogs receiving
THAM maintained a reasonably normal
base excess with only a moderate fall in
pH. This was associated with a longer av
erage survival period. Although not pro
longed, the extra survival in a clinical situ
ation might well be sufficient to allow com
pletion of an operative procedure, such as
a subclavian-pulmonary anastomosis in an
infant with tetralogy of Fallot. Therefore
it would seem advisable not only to correct
acidosis if present before surgery but to be
prepared to treat it any time during the
operative procedure. In severely cyanotic
infants one should consider giving THAM
or sodium bicarbonate prophylactically
throughout the operation and especially
during maneuvers that restrict ventilation
or pulmonary blood flow.
In this experiment, THAM was given as
a 1M. solution, rather than the 0.3M. solu
tion often recommended, to avoid adding a
large volume of fluid. Even so the amount
of THAM given was not sufficient to main
tain a normal pH in the presence of a very
high p C 0 2, suggesting, therefore, that a
large quantity of THAM may be necessary
in certain situations. Clinically, a 0.6M.
solution in 10% glucose has proved effec
tive.
Finally, although it would appear that
treating acidosis, in this experimental situ
ation, delays death, it is still not clear
whether there is any significant increase in
permanent survival. The fact that one dog
survived 4% hours while in severe acidosis
without THAM, while the dogs receiving
THAM died without a major change in pH
or base excess, emphasizes the importance
of other factors, chiefly hypoxia, as men
tioned by some authors.8'10 However, by
correcting the acidosis one gains time for
the surgical correction of the basic defect,
the cardiac malformation.
Su m m a r y

By anastomosing the main pulmonary
artery to the left atrium and then partially
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obstructing pulmonary blood flow, dogs
were made very cyanotic. The situation was
considered similar to that in a child with
severe tetralogy of Fallot.
The first group of animals became ex
tremely cyanotic but compensated tem
porarily by marked hyperventilation before
succumbing with severe respiratory and
metabolic acidosis. By administering an
intravenous muscle relaxant to the second
group of animals, hyperventilation was pre
vented. Acidosis developed rapidly in five
control dogs and death followed; only one
dog survived for more than two hours. By
giving THAM to another five dogs the
acidosis was prevented. Although these ani
mals also died, the duration of survival was
greater, all five dogs living two hours or
longer. The prolongation of survival by
THAM may be of significant value and
emphasizes the importance of detecting and
vigorously treating acidosis in infants dur
ing cardiac surgery.
The authors wish to thank Dr. Peter H. Nash,
Abbott Laboratories Ltd., Montreal, Que. for pro
viding the THAM used in this study.
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PLASTIC SURGERY OF THE NOSE. Revised
2nd printing. James Barrett Brown and Frank
McDowell. 432 pp. Illust. Charles C Thomas,
Springfield, 111.; The Ryerson Press, Toronto,
1965. $25.25.

Fifteen years ago when this book first appeared,
it was quickly accepted as the best available
publication on surgery of the nose. It undoubt
edly will maintain this position with the present
revised second printing.
The authors have dealt with almost every
aspect of their subject. The text is clear, the
diagrams are excellent and the photographs
illustrate what good results can be achieved.
The section on surgical correction of large
noses describes standard techniques that have
stood the test of time. Not included are the
many modifications preferred by individual
surgeons; these would only confuse the unini
tiated.

(hydroxymethyl) aminomethane, A.M.A.
Arch. Surg., 8 0 : 693, 1960.
20. G lo v e r , J. L.: Metabolic acidosis in extracor
poreal circulation: its prevention and treat
ment with THAM, Ann. Surg., 1 5 5 : 360,
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R esume
Apres des operations cardiaques apparemment
satisfaisantes, certains nourrissons presentent parfois une deterioration cardio-respiratoire progres
sive et fatale. II est difficile d’evaluer l’importance
relative d’une acidose metabolique progressive
dans cette suite d’evenements. C ’est pourquoi on a
etudie le probleme en laboratoire.
On a rendu des chiens fortement cyanoses en
anastomosant Fartere pulmonaire principale a
l’oreillette gauche et en obstruant partiellement la
circulation sanguine pulmonaire. On a considere
que cette situation etait similaire a celle qu’on
observe chez un enfant qui presente une tetralogie
de Fallot grave.
Le premier groupe d’animaux ainsi prepares
devinrent fortement cyanoses mais purent compenser temporairement cet handicap par une forte
hyperventilation avant de succomber en forte
acidose respiratoire et metabolique. Chez un
second groupe d’animaux, on a empeche l’hyperventilation par 1’administration intraveineuse d’un
myoresolutif. L ’acidose apparut rapidement chez
cinq chiens temoins qui succomberent; un seul
animal survecut pendant plus de deux heures. En
administrant le THAM ( Tromethamine) a cinq
autres chiens, on parvint a prevenir l’acidose. Ces
animaux finirent par succomber, mais survecurent
plus longtemps, les cinq chiens ayant survecu deux
heures de plus. La prolongation de la survie au
moyen du THAM peut etre precieuse et doit
attirer l’attention sur l’importance de deceler et de
traiter energiquement l’aeidose chez des nourris
sons pendant Fintervention cardiaque.

Some sections, despite the size of the book,
are sketchy. More detail might have been
given on newer techniques for the correction
of nasal deformities associated with cleft lips.
The chapter on benign tumours of the nose is
very brief, particularly in its discussion of the
pathology and management of dermoid cysts.
Radiotherapy has a more important role in the
treatment of cutaneous malignancies of the
nose than this book indicates; the conclusion
that it is a poor second choice is no longer war
ranted.
The additional chapter on synthetic implants
is cautious and presents the subject in its
proper perspective.
This book is well worth reading and should
be available for reference. Most plastic surgeons
will agree that it surpasses all others in its
field.
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FAILURE OF INTRAVENOUS ALCOHOL IN THE TREATMENT OF
EXPERIMENTAL PULMONARY FAT EMBOLISM®
K. S. M O R IO N , M.D., C.M., F.R.C.S.[C] and M. J. KENDALL, M.Sc., Vancouver, B.C.

A lmost since the clinical entity, fat embol
ism, was first described, a specific treat
ment has been sought, particularly one
that would neutralize the apparent toxic
ity of intravascular fat droplets. As a result,
use of saponifiers,9- 12’ 15 fat solvents,3’ r’- 8’ 10
emulsifiers,2' 4> 31,13 metabolic agents16 and
heparin2’ 14 has been recommended in the
voluminous literature on this subject. More
recently treatment with intravenous alco
hol has received some scientific support in
the studies of Adler, Lai and Peltier1 and
of Yale and Herrmann.17
Adler, Lai and Peltier1 showed that
50% ethyl alcohol orally or 5% ethyl alco
hol in 5% dextrose intravenously lowered
the serum lipase level in patients with in
tertrochanteric fractures of the femur and
they believed that such treatment lowered
the incidence of fat embolism.
Yale and Herrmann17 found that 5%
ethyl alcohol in 5% dextrose was effective
in reducing the toxicity of intravenous in
jections of neutral fat in rabbits.

P rocedure

The study described in this communica
tion was designed to duplicate, in the la
boratory, the clinical application of this
antidote, increasing the chance of effec
tiveness by starting treatment before frac
ture. Accordingly, the infusion of intraven
ous alcohol was begun one-half hour before
the limb was fractured to induce pulmon
ary fat embolism. Twenty-eight experi
ments were carried out, in each of which
a test and a control rabbit were used. In
each animal, open comminuted fractures
of the femur and tibia were produced in
one limb by a technique previously de
scribed.7 Starting one-half hour before frac
ture and continuing throughout the six- to
“ From the Trauma Research Unit, Department of
Surgery, University of British Columbia, Vancou
ver, B.C.
Supported by Defence Research Board Grant No.
66-9304.

eight-hour experiment, each animal re
ceived an intravenous infusion of 5% dex
trose in water at the rate of 14 to 16 drops
per minute to a total of 300 to 400 c.c. In
test animals the infusion of 5% dextrose
contained ethyl alcohol in a concentration
of 5% . Animals were killed after six to
eight hours, lungs were removed and ex
amined microscopically for fat emboli.7

TABLE I. — C om parison o r M inim u m , M ax im u m
and A verage N um bers of F a t E m boli in L ungs
of T est A nim als (T hose T reated w it h I n tra 
venous A lcohol ) an d U n treated C ontrols
Numbers of fat emboli per lung
section

Minimum.......... ........
M aximum......... ........
M ean................. ........

Test
animals (t,8)

Control
animals (28)

3
521
115

11
435
119

R esults

The results are shown in Table I. The
numbers of emboli per lung section varied
widely in test and control animals but the
mean figures for the two groups are simi
lar. However, when individual experiments
are considered 14 of the 28 test animals
(i.e. those treated with intravenous alco
hol) showed fewer emboli than did the
untreated controls. More detailed statistical
analysis of all the figures reveals that the
differences in the two groups (test and con
trol) are not significant. Such differences
could occur at least 20% of the time by
chance alone.
D iscussion

Treatment of fat embolism by intraven
ous injection of 96% ethyl alcohol in 25%
dextrose was first suggested by Herrmann6
in 1933. He found that animals so treated
survived homogenous sterile fat injections
whereas untreated animals died. Davis
and Musselman3 and Pipkin10 referred to

this work and suggested its clinical use on
a prophylactic basis in all severe injuries
and certain open reductions of fractures.
It is somewhat surprising, therefore, to
find that very little has been published
with respect to this approach to treatment.
Yale and Herrmann17 in further experimen
tal work with rabbits, showed that 5% ethyl
alcohol in 5% dextrose is an effective anti
dote to fat injected intravenously. They
believed that alcohol dilates capillaries and
neutralizes the lipase which liberates toxic
fatty acids from neutral fats, thus counter
acting both physical and chemical effects
of fat emboli. Again, they injected fat into
a laboratory animal and gave no report of
clinical use of this treatment.
Adler, Lai and Peltier,1 on the other
hand, on the basis of the same studies, be
lieved that oral or intravenous alcohol used
prophylactically in patients with intertro
chanteric fractures produced some benefit.
In a control group of 26 patients, three
died, all with fat embolism and high levels
of serum lipase, whereas in a treated group
of 19 patients one died of cerebrovascular
accident; he had a low serum lipase.
Using an experimental situation close
ly simulating the clinical situation though
with less positive criteria on which to
judge the result, we have been unable to
show that the use of intravenous alcohol
prophylactically has any effect in pulmon
ary fat embolism.
C o n clusio n

A study of the prevention of pulmonary
fat embolism following the production of
fractures in rabbits did not demonstrate
that any benefit was obtained from the
prophylactic use of intravenous alcohol.
This finding is in contrast to three earlier
reports in the literature. The dearth of
clinical reports concerning the use of alco
hol for this purpose suggests that more ex
tensive clinical trials are needed.
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R esu m e
On a etudie sur 28 lapins, souffrant d une hacture ouverte du tibia et du femur, lefficacite du
traitement de l’embolie lipidique par injection de
solute dextrose a 5% contenant 5% d alcool et hylique. Le critere qui a servi a determiner 1 ethcacite du traitement etait la recherche microscopique d’embolies graisseuses sur des coupes
pulmonaires. Cette etude n’a pas permis de reveler
d’avantage resultant de 1emploi prophylaetique
d’alcool intraveineux. Cette constatation vient
infermer les conclusions de trois rapports prece
dents publies dans la litterature. L a penurie de
rapports cliniques sur l’emploi de 1 alcool a cette
fin indique qu’il faut proceder a d’autres essais
cliniques.
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OCCLUSION OF THE RIGHT CORONARY ARTERY IN DOGS
RAVINDER M ITTAL,
JANAK R. TALWAR, M.S.,f
SHEKHAR C. CHATTERJEE, M.B., B.S., M.S.t and
ERIC J. LAZARO, M.D., M.S., F.R.C •S.[C], Jersey City, New Jersey, U.S.A.

L igation of the anterior descending cor
onary artery-to test the efficacy of both
drugs and surgical procedures designed to
improve myocardial blood supply—has
been used by many investigators in recent
years.1'4 Recent work has, however, demon
strated the fallacy of accepting either this
vessel or the circumflex coronary for “testligation” models.5'7 It is possible that, for
this purpose, ligation of the right coronary
artery would give higher and more con
sistent mortality rates in the control ani
mals. Comparatively few studies have been
reported that give adequate information
about the effects of ligation of the right
main stem coronary artery. The investiga
tion described in this communication was
done to study the acute effects of interrup
tion of the right coronary at its origin in
dogs, and to determine the suitability of
this vessel for “test-ligation” procedures.
M aterials and M ethods
Fifty mongrel dogs were employed in
this study. Age was assessed by the dental
status.8 The sex was recorded and hemo
globin estimated by the technic of Sahli.9
Each animal was anesthetized by the intra
venous administration of a 10 % solution of
thiopental sodium, 20 mg./kg. body weight.
Endotracheal intubation was done and the
dog was maintained on artificial respiration
with an "Tnco”i respirator using room air
for ventilation. Employing clean, but not
aseptic technique, the right pleural cav
ity was entered through an incision in the
fourth or fifth intercostal space and the lung
retracted posteriorly. The pericardium was
opened widely anterior to the phrenic
nerve. The right auricular appendage was

retracted and the right coronary art ry
identified, isolated and occluded by a i-0
silk ligature placed close to its origin ir in
the aorta. The chest was closed in lav rs
after evacuation of fluid and air from , ! e
pleural cavity. Surviving animals w< e
killed with an overdose of thiopental .axlii a
after 24 hours. Electrocardiographic tr; ings including leads I, II, III, aVR, aVi,
and aVF were obtained before operation,
after ligation of the right coronary arten
following closure of the thorax and befon
sacrifice. The hearts were excised and fTc
adequacy of the ligature on the right cor
onary artery confirmed in each case. The
left coronary artery was isolated and in
jected with a coloured lead acetate solu
tion, by a method previously described .7
The left and right coronary arteries and
their branches were filled. After the injec
tion a posteroanterior radiograph of the
heart was obtained. The intercoronary
anastomoses seen on the radiographs were
graded as “marked”, “moderate” or “few”,
depending upon the relative preponder
ance of the anastomotic connections. After
the radiological examination, the right cor
onary artery was carefully dissected and
the status of the coronary ostium, branches
of the coronary arteries, and the degree of
the anastomotic vessels noted.
R esults
The age distribution of the dogs em
ployed in the study is shown in Table I.
There were 28 males and 22 females. The
hemoglobin ranged from 8.5 to 15 g. with
a mean of 12.4 g. % . Two animals, one
male and one female, died immediately
after the procedure. Roth were approxiTABLE I.— A g e D is t r ib u t io n
to

o f D ogs S u b je c t e d
R ig h t C o r o n a r y L ig a t io n

No. of dogs

“All India Institute of Medical Sciences, New
Delhi, India.
♦ Manufactured by Inco Ltd., Ambala, India.

Under 6 mo...................................................’
6 mo. to 2 yr............................................

2 to 4 yr....................................................
4 to 6 yr.................................................................

5

30
13
2

July 1 9 6 6

RIGHT CORONARY OCCLUSION

mately two years of age and their hemoglo
bin levels were 12 g. % . On gross dissection
of the coronary tree, the right coronary
artery was completely interrupted at a site
less than 3 mm. from its origin in all speci
mens. There was no branch arising from
the vessel proximal to ligation in any of the
hearts studied. Between the right and left
coronary systems, the intercoronary con
nections were “few” in 10, “moderate” in
25 and “marked” in 15 hearts. The electro
cardiographic patterns before and after li
gation are shown in Table II.
TABLE II. — E lec tro c a rd io g ra ph ic P a t t e r n s
5 0 D ogs B e f o r e and A f t e r L igation
C o ro n a ry A r t e r y

of

in

R ig h t

M yo- Premature
cardial ventricular N o
ischemia contractions change

T im e o f
electrocardiogram
Before ligation. .
Immediately
after ligation.. . .
After closure of
thorax.................
24 hr. after
ligation...............

i

2

47

30

4

8

38

8

2

6

42

0

D iscussion

The results in this study—a mortality rate
of 4% within 24 hours after ligation of the
right coronary artery—is consistent with
that obtained by Lumb, Shacklett and Daw
kins,10 but considerably lower than that of
other investigators1116 (Table III). The two
T A B L E I I I .— P r e v i o u s l y R e p o r t e d M o r t a l it y F o l l o w in g
R ig h t C o r o n a r y A r t e r y O c c l u sio n in D o g s

Year

Authors

A'O. o f
Died
dogs immediately

1894 Porter11
1918 Smith12
19.32 Parade13
1952 Hahn and
Beck14
1954 Donald and
Essex15
1959 Haeger16
1959 Lumb, Shacklett
and
Dawkins10

11

2

8
5

4
1

Died
later

M ortality
rate %

Not
stated
3
4

18.2
8 7 .5
100.0

13

4

0

3 0 .8

21
16

K
15

0
0

2 3 .8 1
9 3 .7 J

10

0

0

0

animals that died were relatively young
and had normal hemoglobin levels. One
was a male and the other a female. We
have no satisfactory explanation for these
two fatalities. However, there is a striking
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difference between the average mortality
rates following interruption of the major
branches of the left coronary artery (20%)
and that of the right coronary artery ob
tained in this laboratory.8' 7 This difference
is most likely due to differences in the
anatomic distribution of the branches of
the right coronary artery and to functional
characteristics of the right ventricle.
The salient anatomic features of the cor
onary vessels of the dog have been de
scribed in previous communications.17'20
The right coronary artery arises from a
single ostium in its aortic cusp and occa
sionally a double main stem vessel is en
countered. Crossing through the right atrio
ventricular sulcus, it gives rise to three
atrial and four to eight ventricular
branches. One of the three atrial branches
feeds the sinoauricular (SA) node. Although
the sinus-nodal vessel comes directly from
the right coronary, an arterial ring sur
rounds the superior vena cava funnel. This
vascular ring consists of vessels arising
from branches of both main coronary ar
teries, thus ensuring an adequate blood sup
ply for the vital SA node. The outer wall of
the right ventricle receives branches of the
left anterior descending, left posterior de
scending and right coronary arteries. The
left anterior descending supplies 6 to 8 mm.
of the outer right ventricular wall. The re
mainder of the right ventricle is supplied
by perpendicular branches of the right cor
onary. Anastomotic communications are
seen between the conus branch of the right
coronary and the left anterior descending
arteries, the perpendicular branches of the
right coronary and right ventricular
branches of the left anterior and posterior
descending arteries. These interconnections
can be demonstrated by injecting the left
main coronary with a “Schlesinger mass”21
and outlining the entire right coronary
system. Septal blood supply in the dog is
largely concerned with maintaining the in
tegrity of the bundle of His. It is derived
from the anterior and posterior septal ves
sels which come from the anterior descend
ing and circumflex arteries.10
Considerable attention has been paid to
the quantitative importance of each of the
two coronary arteries in the blood supply
of the heart. For several years the prevailing
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view was that the right coronary was pre
dominant. This was supported by data ob
tained from injection studies on post-mor
tem specimens, which demonstrated that
the right coronary artery was the predom
inant vessel in most human hearts followed
by a balanced blood supply from both ma
jor vessels, left coronary predominance
being least frequent. 21 The method em
ployed to obtain these data was purely
anatomical and the predominant artery was
determined by the size and distribution of
the vessels seen on radiographs after the
intracoronary injection of radio-opaque
dyes. Recent coronary cineangiography
and coronary blood flow studies have cast
considerable doubt on previously held con
cepts. 2 2 ' 24 Blood ejected from the left ven
tricle simultaneously enters both coronary
ostia and flows through the epicardial ar
teries to their respective myocardial beds.
Direct measurements of left coronary blood
flow indicate that its volume is almost six
times as great as that in the right main ves
sel. 23 Similar data were obtained from
studies of dog heart-lung preparations and
perfused fibrillating hearts, thereby sup
porting the thesis of left coronary artery
dominance in dogs. 23 In addition to these
major physiologic factors governing right
coronary artery function, it has been sug
gested that immunity of the right ventricle
to severe infarction may be due to the ex
istence of the ventricular thebesian system25, 26 and to the lower resistance to sys
tolic coronary flow in the right coronary
tree . 27
In the present study the high survival rate
following right coronary ligation may also
be related to the fact that ineffective right
ventricular function does not lead to acute
and rapidly progressive right ventricular
failure in the dog. According to the classi
cal “backward” theory of heart failure, ele
vation of venous pressure was thought to
result from “back pressure” behind an in
competent ventricle.28 Starr, Jeffers and
Meade29 directly damaged the right ven
tricle in the dog in acute and chronic ex
periments and were unable to produce more
than a minimal rise in peripheral venous
pressure. Bakos30 cauterized the right ven
tricle of dogs and did not observe any
changes in the peripheral venous, and sys
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tolic and diastolic pulmonary arterial pres
sures. The degree of damage produced was
ascertained by electrocardiographic and
microscopic observations. Bakos suggested
that when the right ventricle was inacti
vated, the left ventricle mechanically pro
duced effective right ventricular contraction
through the continuity of the circumscrib
ing individual ventricular muscle bands.
More recently, Rose, Lazaro and Broida31
replaced the left ventricle of the dog with
an extracorporeal pump and noted marked
elevation of central venous pressure when
right ventricular function was inhibited.
Thus it is logical to propose that depres
sion of right myocardial function produced
by a diminished right coronary blood sup
ply would not have any serious effect on
circulatory dynamics.
The immediate effects of experimental
coronary occlusion are reflected in the
gross appearance of the myocardium10 and
its functional responses. 32 The area de
prived of its blood supply turns blue and
the ventricular wall balloons out. When
the left ventricle is infarcted, the aortic
and pulse pressures are reduced and the
form of the aortic pulse pressure is altered.
Contraction is impaired in the area sup
plied by the occluded vessel. The ischemic
area no longer shortens but expands during
isometric contraction. Such defective con
traction in a potentially infarcted area re
duces the total myocardial force available
to raise intraventricular pressure. In addi
tion, some of the pressure created by stillviable portions of the myocardium is spent
in stretching the ischemic area and is not
available to expel blood into the aorta.
Compensatory mechanisms come into play
and the heart attempts to restore hemo
dynamic equilibrium. Such attempts are
affected adversely as infarct size increases
and are aided by improvements in coron
ary blood flow.
The electrocardiographic patterns seen
in the present study are of interest. The
most striking pre-ligation abnormalities
were an ischemic pattern in one dog and
premature ventricular contractions in two.
These were probably of myocardial origin
since no vascular disease was demonstrated
on injection of the arterial tree. Post
ligation effects consisted largely of prema-

July 1966

RIGHT CORONARY OCCLUSION

ture ventricular contractions and ischemic
changes which often reversed and were not
immediately fatal. Donald and Essex15
studied the acute and chronic effects of
right coronary artery ligation and observed
a high incidence of ectopic complexes and
marked Q-wave and ST-segment changes.
Cardiac catheterization and exercise toler
ance tests did not demonstrate that cardiac
function was impaired following induced
infarction. This maintenance of function
was ascribed to the significant and rapid
development of interarterial communica
tions, which provided a retrograde blood
supply to the area originally rendered
ischemic. Disturbances of rate, rhythm and
conduction occur frequently in the acute
phase of clinical coronary insufficiency.33
These disturbances are due principally to
the establishment of a focus of irritability,
direct interference with the blood supply of
the conducting system and failure of the
myocardium as a direct result of the in
jury.34 Although it is commonly believed
that conduction disturbances often precede
a fatal termination,35 the animals in this
study with such abnormalities survived
until the end of the experiment. This may
have been due to an increasing myocardial
blood supply from collateral sources which
caused progressive improvement in the
damaged area.36
Recent communications have emphasized
the relationship in dogs of age, sex, hemo
globin levels and intercoronary anasto
moses to the effects of interruption of the
circumflex and anterior descending coron
ary arteries.8,7 Mortality is significantly
greater with advancing age in males, and
in females over six years of age. Anemic
animals are likely to die following experi
mental interruption of these vessels. More
abundant anastomotic channels have a pro
tective effect. None of these factors appear
to have played an appreciable role in in
fluencing the mortality rate in the present
investigation.
That there may be important species
differences in the anatomic configuration of
the coronary arteries of the dog has been
suggested by the observations of other in
vestigators.16, 37 The ramus marginalis
acuti, a conspicuous vessel in mongrel
dogs, appears to be absent in greyhounds.
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This probably explains the high mortality
rate in greyhounds following right coronary
ligation. Furthermore, this species has a
heart-weight/body-weight ratio much high
er than that in the mongrel, its heart
rate is faster, the systolic and diastolic
blood pressures are higher and the ECG
deflections are more pronounced. These
“physiologic” differences between grey
hounds and mongrels are the basis of the
better athletic performance of the former.
In comparing and contrasting the results
of this study in dogs with the effects of
myocardial injury due to right coronary
occlusion in the human, two points should
be noted. Unlike the experimental model,
human atherosclerotic coronary artery
disease is more generalized.38'40 However,
despite frequent involvement of the right
coronary artery by the atherosclerotic pro
cess, isolated infarction of the right ven
tricle is rare.41,42 This again suggests that
the blood supply to the right ventricle is
greater in relation to its work load, which
is generally much less than that of the left
ventricle.
In our opinion the right coronary artery
ligation should no longer be used as a “testligation” model. The mortality rate in the
species of laboratory dog commonly em
ployed is insignificant and any protective
effects produced by therapeutic measures
would, therefore, not be apparent. Further
more, the design of experimental coronary
circulatory studies should always take into
consideration the specific breed of the dogs
employed in the investigation. The import
ance of age, sex, hemoglobin levels, inter
coronary anastomoses and other factors
affecting survival in experimental coronary
artery occlusion have been previously
stressed.43
S u m m a r y an d C onclusions

The acute effects of complete interrup
tion of the right main stem coronary artery
were studied in 50 dogs. The low mortality
rate ( 4 % ) obtained in this study was in
striking contrast to that noted by most
previous investigators. The anatomic and
physiologic peculiarities of the right coron
ary artery appear to protect the right ven
tricle from serious damage after right
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coronary occlusion. From this study we
have concluded that the right coronary
artery should no longer be used for “testligation” experiments.
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SURGICAL APPLICATIONS O F LASER. Paul
Edward McGuff. 200 pp. Illust. Charles C
Thomas, Springfield, III.; The Ryerson Press,
Toronto, 1966. $12.50.

Laser is a new device that produces a beam
of light more coherent, monochromatic and
intense than any previously known. The name
is derived from the words “light amplification
by the stimulated emission of radiation”. The
physical properties of laser include the poten
tial for delivering tremendous doses of energy
in a brief period (less than a millisecond), the
ability to be focussed accurately, transmission
by transparent media and absorption by bio
logical tissues with release of energy.
This unique volume deals with the theoreti
cal background of laser function and design,
discusses the author’s interest in the use of
laser in medicine, particularly in tumour ther
apy, and reviews his experiments in animal
tumour systems and a few human tumours.
Twenty-two different tumours were studied in
hamsters utilizing transplanted human tumours,
and induced and spontaneous animal tumours.
The effect of laser energy was also studied on
normal tissues and compared with x-ray therapy

Resum e
II a ete demontre par de recentes etudes l’erreur
qu’on commet en employant l’artere anterieure
descendante ou l’artere coronaire circonflexe chez
le chien pour etudier l’efficacite de medicaments
ou de methodes chirurgieales conqus pour
ameliorer la circulation du myocarde. Au cours de
la presente etude, on a etudie les effets aigus
resultant de l’interruption de l’artere coronaire
droite a son point d’origine, en vue de determiner
si ce vaisseau convenait aux essais par ligature. La
mortalite (4% ) chez des animaux qui sont morts
dans les 24 heures apres la ligature du tronc prin
cipal de la coronaire droite a ete beaucoup plus
basse que celle qu’avaient obtenue d’autres chercheurs. Les particularites anatomiques et physiologiques de l’artere coronaire droite protegent le
ventricule droit de graves lesions apres occlusion
de cette artere. Les elements qui determinent la
circulation coronaire, comine l’age, le sexe,
1’anemie et le degre des anastomoses inter-coronaires n’a pas influence le taux de mortalite. Les
modifications de l’electrocardiogramme pris apres
ligature consistaient principalement en contractions
ventriculaires prematurees et en changements de
nature ischemique. Ces modifications ont souvent
regresse et n’ont pas ete immediatement fatales.
L ’auteur conclut de cette faible mortalite qu’il ne
faut plus employer l’artere coronaire droite pour
effectuer des experiences sur la ligature des arteres
coronaires.

in experimental tumours. T he antitumour effect
was variable but in those tumours sensitive to
this particular form of energy, marked destruc
tion and regression was noted. Of interest was
the observation that the tumours that responded
were far more sensitive than the surrounding
normal tissue and the laser effect seemed to be
prolonged much beyond the period of treat
ment. This suggests some as-yet-undefined bio
logical influence other than the immediately
destructive effect of the heat produced at the
time of impact.
There is a review of the experimental work
done by others in the medical applications of
laser particularly in ophthalmologic surgery,
microsurgery and dentistry. The author also
goes into some detail regarding his specula
tions as to the. mechanisms whereby the ob
served biological phenomenon are brought
about.
Dr. McGuff is a pioneer in the field of medi
cal applications of laser energy and this book
is an interesting glimpse into the initial ex
perimental work. T he future possibilities are
great and one looks forward with expectation
to his next edition.
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SURGICAL APPROACHES TO THE ANTERIOR ELEMENTS
OF THE SPINE: INDICATIONS AND TECHNIQUES*
W. H. KIRKALDY-W ILLIS, M.D., F.R.C.S.[Edin. & C ],t Saskatoon, Sask.,
P. B. R. ALLEN, M.D., F.R.C.S.[C], O. ROSTRUP, M.D., F.R.C.S.[C]
and G. L. W ILLO X, M.D., F.R.C.S.[C], Edmonton, Alta.

the last 25 years, anterior ap
proaches have been developed to the
vertebral bodies and other anterior elements
of the spine. The impetus to this develop
ment came from the need for a more
satisfactory method of decompressing the
spinal cord in cases of Pott’s paraplegia
than that obtained by laminectomy. Girdlestone1 in Oxford, described costotransversectomy for the evacuation of a paraver
tebral abscess. Alexander2 in Edinburgh,
Capener3 in Exeter, and Griffiths, Seddon
and Roaf4 in Manchester, London and
Oswestry, described a more extensive pro
cedure for the treatment of paraplegia,
namely, lateral rachiotomy or anterolateral
decompression.
In 1948, Kirkaldy-Willis,5'7 working in
East Africa, undertook anterolateral de
compression in the treatment of Pott’s
paraplegia. It became evident that the
results were much better than those
obtained from conservative treatment or
from laminectomy. In the 15 years since
that time, 75% of the patients with Pott’s
paraplegia, who had this form of decom
pression, have recovered sufficiently to walk
again. It seemed logical, after lateral de
compression, to fuse the spine before
closing the wound rather than to subject
the patient to a second operation for
posterior fusion at a later date. At first
this was done by rawing the lateral aspect
of the vertebral bodies and applying, as
onlay grafts, denuded portions of the ribs
removed in obtaining the exposure. Later
the procedure was improved: slots were
D uring
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cut in healthy vertebral body bone above
and below the level of the lesion; into
these, two rib grafts of the correct length
were inserted side-by-side in the coronal
plane; these were reinforced with cancel
lous chips obtained from the iliac crest.
Wilkinson8 at Black Notley, England, used
this type of approach in patients with
tuberculosis without paraplegia to evacuate
pus and curette the lesion. In East Africa
the approach obtained by anterolateral de
compression was used in those patients
without paraplegia to evacuate the abscess,
curette the lesion and obtain more rapid
healing by early bone grafting. This proved
to be a safe procedure if antituberculosis
drugs were administered for three months
from the time of operation. Early bone
grafting under the cover of streptomycin
therapy marked a great advance in the
treatment of spinal tuberculosis.
Hodgson and Stock9’ 10 in Hong Kong,
developed a transpleural approach to the
thoracic spine for the exacuation of tuber
culous lesions, and for anterior spinal
fusion. At first it seemed unduly hazardous
to approach the spine across the pleural
cavity. The risk of spreading infection
seemed great. But in practice, with strep
tomycin, this proved to be a safe procedure.
Not only was it safe to approach the spine
in this way but no untoward results fol
lowed attempts to fuse the spine by bone
grafting after the exacuation of a tuber
culous abscess, provided that adequate anti
tuberculous chemotherapy was adminis
tered. Kirkaldy-Willis5'7 found that an
excellent exposure to the cervicothoracic
junction could be obtained by thoracotomy
after removal of the whole of the third rib,
and that the thoracolumbar junction could
be exposed transpleurally after removal of
the ninth rib with division of the dia
phragm.
Southwick and Robinson11 in Baltimore,
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described an anterior approach to the
cervical and to the lumbar spine. Cloward12’ 13 described an anterior approach
to the cervical spine in the treatment of
cervical spondylosis, of cervical disc lesions
and in the operation of cervical cordotomy.
In 1954, Kirkaldy-Willis used a similar
anterior approach to the cervical spine in
the treatment of osteomyelitis with tetra
plegia. Harmon14 described an anterior
approach to the lumbar and lumbosacral
spine for the treatment of disc lesions.
It is interesting to note that this one new
development, anterolateral decompression,
has led to a whole new range of surgical
operations to expose every region of the
anterior aspect of the spinal column. This
paper describes these anterior approaches.
I ndications

Anterior spinal fusion yields good results
in the treatment of fractures and fracture
dislocations of the cervical spine. It is
indicated occasionally in the treatment of
fracture dislocations of the thoracic and
lumbar spine. The results appear to be
better than those following a posterior
fusion.
Experience gained from 150 patients in
whom anterior spinal fusion was done
for tuberculosis demonstrates that this ap
proach gives more satisfactory results than
those obtained by posterior fusion, of which
there were 190 cases in our series. Pott’s
paraplegia is best treated by exposure of
the dura through an anterior or antero
lateral approach. Osteomyelitis of the spine
with erosion of bone, abscess formation and
occasionally with tetraplegia or diplegia is
best treated by a direct anterior approach
for evacuation of the abscess, removal of
sequestra, exploration of the cord and, in
sub-acute cases, for spinal fusion.
Benign neoplasms involving the vertebral
bodies or the pedicles can be removed with
relative ease through an anterior approach.
This also seems to be a logical method for
decompression of the cord in paraplegia
due to malignant neoplasms of the verte
bral bodies.
When a cervical disc lesion is localized
to the immediate region of the annulus it
can be handled well through an anterior
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approach. The anterior approach to the
cervical spine is excellent for spinothalamic
tractotomy in the treatment of intractable
pain in the trunk or lower extremities.
Anterolateral decompression is the logical
approach for the treatment of scoliosis with
paraplegia and of late-onset paraplegia
following tuberculosis. The cause o f pres
sure on the cord can be determined under
direct vision and removed.
T h e A nterior A pp r o a c h to th e
C er vic al S pine

A pproach .— The method used in the
approach to the cervical spine is that
described by Cloward.12' 13 Under general
endotracheal anesthesia, the head is turned
to the right side and a sandbag is placed
between the shoulder blades in such a
manner as to give maximum extension of
the neck. After appropriate skin prepara
tion and draping, a two-inch skin incision
is made parallel to the natural skin folds
of the neck. The incision extends from the
midline to the medial border of the
sternocleidomastoid muscle. Anatomically
the disc space (C5-6) lies at the approxi
mate level of the cricoid cartilage so the
incision may be placed superiorly or inferiorly to the cartilage depending on the
level of the disc space approached. The
platysma is split longitudinally and the
cleavage plane between the carotid sheath
and the lateral border of the pharynx is
identified. The areolar-tissue plane is transversed by blunt dissection; the carotid
sheath and its contents are retracted later
ally with the larynx, trachea and esophagus
being retracted medially. The anterior
border of the spine is cleared of areolar
tissue and the appropriate disc level is
identified clinically and verified radiologically. The medial borders of the longus
colli muscles are mobilized bilaterally and
are reflected utilizing the Cloward selfretaining retractors. A generous window is
cut in the annulus fibrosus and the disc
material is removed with curettes and a
cervical punch. The Cloward drill guide
is placed squarely over the interspace after
being calibrated to allow the %-inch drill
to penetrate to the level of the posterior
cortical table of the vertebral bodies. The
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posterior cortex is removed by rongeurs.
Lateral resection of osteophytic projections
may be facilitated by inserting the Cloward
vertebral spreader laterally into the disc
space and thus achieving maximum separa
tion of the vertebrae. Ruptured or degener
ated fragments of disc may be removed
under direct vision in this manner. The
nerve roots are readily identifiable and are
easily protected (Fig. 1). If the procedure
is being undertaken to allow a direct
approach to the spinal cord, as in a spino
thalamic tractotomy, the posterior longi
tudinal ligament is incised in a cruciate
fashion and a second cruciate incision is
made in the anterior surface of the dura.
The apices of the dural flaps are transfixed
with fine silk retraction sutures and excel
lent exposure of the anterior surface of the
spinal cord is achieved. The lateral thalamic
spinal tract may thus be accurately local
ized and incisions in these areas can be
made under direct vision (Fig. 2).
Following the completion of the cordo
tomy, disc removal or osteophytic resection,
a dowel of bone is inserted into the drill
hole. The dowel is cut from a previously
prepared site on the anterior superior iliac
spine of the patient using a special Cloward
dowel-cutting instrument. With the release
of the intervertebral spreaders, the dowel is
held firmly in position between the vertebral
bodies. Chips of cancellous bone may be
inserted into the lateral reaches of the disc
space, care being taken not to impact these
fragments anteriorly into the cervical
vertebral canal. A soft rubber drain is left
at the operative site. The wound is closed
in layers, particular care being taken to
achieve accurate approximation of the
platysma and skin edges. The y4-inch Pen
rose drain is removed in 24 hours. The
patient is placed in a Thomas collar for
four to six weeks postoperatively.
Com m ent.—A protruded intervertebral
disc in the cervical region can be removed
by the anterior approach providing the
lesion is localized and no fragmented por
tions have migrated superiorly or inferiorly
from the disc space. The level must be
accurately localized before operation by
both a subarachnoid myelogram and a
discogram at operation, if grounds for
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doubt exist. Immobilization by the anterior
approach is particularly useful in those
fracture-dislocations of the cervical spine
that are associated with fractures of the
posterior elements of the vertebrae. Frac
tures of this type make posterior open
reduction and wire immobilization impos
sible and thus readily lend themselves to
an anterior approach. Before such a pro
cedure, it is important to assure patency
of the cervical canal by a preoperative
myelogram. In spinal tuberculosis, drainage
of purulent material, cervical cord decom
pression, and stabilization using anterior
bone grafts have been carried out at the
primary procedure. In all cases fusion was
complete four and one-half months after
operation.
Advanced osteoarthritis of the cervical
spine (cervical spondylosis) is frequently
difficult to treat by any of the standard
conservative means. Anterior cervical inter
body fusion, with or without resection of
osteoarthritic ridges, is useful in the symp
tomatic relief of pain. In the presence of
long tract signs suggesting cervical cord
compression, cervical cord decompression
should be performed by the posterior route
followed later by a second-stage anterior
interbody fusion.
For spinothalamic tractotomy in the
management of intractable pain this ap
proach is to be highly commended. The
anterior approach to the cervical spine
allows a more physiological position of the
patient during operation, thus avoiding
impaired venous return to the heart and
thoracic compression with decreased respi
ratory excursion. The operation is techni
cally easy and allows excellent visualization
of the cord without undue manipulation
of this structure. The overall postoperative
morbidity appears to be less and early
ambulation is possible.
T h e C ervico -T horacic J unction

1. Treatment of a Soft or Fibrous Lesion
Approach (Fig. 3 ).—The patient is
placed on his right side. The operation
area is infiltrated with hemostatic solution.
A left-sided J-shaped incision is made
through skin, superficial and deep fascia
similar to that used in a first-stage thora-
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coplasty. The incision starts one inch
medial to the superior angle of the scapula,
and passes down beside the vertebral
border until the inferior angle is reached.
The trapezius muscle is divided in the
upper part of the incision and the
latissimus dorsi in the lower part; deep
to these, the rhomboid muscles are
identified and divided in the same line. A
large swab soaked in saline is placed over
the vertebral border of the scapula and the
bone is retracted laterally. The third left
rib is identified and the periosteum over it
incised for the whole of its length. The rib
is freed from intercostal muscle and under
lying periosteum using a small periosteal
elevator and Doyen raspatory. The bone
is divided with shears half an inch from
the transverse process of the third thoracic
vertebra and near its junction with the
costal cartilage. It is removed and placed
in saline. The deep layer of periosteum
and underlying parietal pleura are incised.
On occasion adhesions are present between
the parietal pleura and the lung. These,
when encountered, are divided with care.
The lung is retracted to display the arch
of the aorta and the dome of the pleura.
A lesion affecting the seventh cervical
body, the first thoracic body and the inter
vening disc space can then be identified
with an examining finger. Not infrequently,
in tuberculosis, a paravertebral abscess is
seen, bulging into the left thoracic cavity.
A two- to three-inch incision is made in
the parietal pleura. In doing this care is
taken to avoid injury to the superior inter
costal artery and the upper intercostal
arteries and veins. The hemiazygos veins
lie in close apposition to the arch of the
aorta and are therefore at some distance
from the area to be explored. Hemorrhage
can be reduced to a minimum by injecting
3 to 5 c.c. of the hemostatic solution beneath
the parietal pleura before it is incised. The
edges of the pleura are retracted to display
the upper two thoracic vertebral bodies.
Careful blunt dissection just above the
dome of the pleura, in Sibson’s fascia, brings
the body of the seventh cervical vertebra
into view. In carrying out this part of the
dissection, it may be necessary to ligate
and divide the superior intercostal artery
and the upper branches of the intercostal
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arteries and veins that arise from the aortic
arch and the superior hemiazygos vein. The
sympathetic trunk and ganglia are identi
fied and preserved.
The L esion .—A paravertebral abscess
due to osteomyelitis or tuberculosis is
evacuated at the time of incising the
pleura over the vertebral bodies. As in the
cervical spine the lesion may be soft and
active or fibrous and partially healed. There
may be paresis or paraplegia. All diseased
tissue is removed and when necessary the
dura is exposed as described above. Neo
plasms of the vertebral bodies, such as
giant cell tumour and eosinophilic granu
loma are removed carefully in the usual
way.
Bone Grafting.—Vertebral body bone is
rawed both above and below the lesion.
A slot is cut with a chisel or osteotome in
the vertebral bodies. This slot penetrates
almost to the opposite side of the vertebral
column, but care is taken not to open the
pleura on the right side of the chest. Rigid
internal fixation is provided by two massive
whole-thickness rib grafts. A length is cut
from the third rib, already removed, that
is slightly longer than the length of the
groove in the vertebral bodies. This is
sprung into position and punched laterally
to the right side of the spinal column. A
second graft of similar length is inserted
in the same way, to lie side-by-side with
the first graft in the coronal plane. When
carrying out this maneuver in children it
is often possible to obtain some correction
of the spinal deformity. Before the length
of the graft is measured an assistant presses
gently with his hand over the spinous
processes. This produces correction of a
deformity, if present, and opens out the
vertebral-body lesion. The grafts are cut
and sprung into position so that they main
tain the correction obtained in this way.
We have found that, while this technique
produces and maintains correction of de
formity and adequate fixation, complete
healing with bony fusion is most rapidly
achieved if the rib grafts are supplemented
with cancellous bone chips. These are
obtained from the iliac crest and are
packed around and in front of the rib
grafts. The pleura is then sutured and the
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chest wall closed in layers. Two catheters
are inserted through stab incisions just
above the diaphragm. These are connected
to an underwater seal in two separate
Winchester bottles.
During the next 24 hours one or two
portable roentgenograms are taken in the
ward to make certain that the lung is still
expanded. The catheters may be removed
at the end of this time.
Com m ent.—Important structures that
must not be injured are the arch of the
aorta, the subclavian artery, the thoracic
duct and hemiazygos veins.
Serious complications of this operation
are the failure of the lung to expand and
respiratory embarrassment due to hemo
thorax. These are avoided by the insertion,
for 24 hours, of two intrapleural catheters
with an underwater seal. It is essential that
this be done in every instance when the
spine is approached across the pleural
cavity.
2. Treatm ent of Late-Onset Paraplegia
( T uberculosis)

Vol. 9

removed, approximately three inches long,
as in a first-stage thoracoplasty. The trans
verse process of the first thoracic vertebra
is removed with nibbling forceps. The dome
of the pleura is pushed downwards and
away from the vertebral column. The first
thoracic nerve is identified and traced to
its intervertebral foramen, which marks the
junction between the first and second
thoracic bodies. The dissection is carried
upwards parallel to the paraspinal muscles.
In doing this it is necessary to retract the
first thoracic nerve. When fibrosis is
marked, the nerve may be involved and
firmly bound down in Sibson’s fascia.
Freeing it may be a difficult and timeconsuming process. As the dissection is
carried upwards to expose the eighth
cervical nerve and the intervertebral fora
men between the seventh cervical and first
thoracic vertebra, care must be taken both
to avoid injury to this nerve and to the
vertebral artery. Here again excessive
fibrosis may make the identification of this
vessel difficult.

The Lesion.—The pedicle between the
eighth cervical and first thoracic nerves is
This condition has been encountered only
identified and bone is carefully removed
in tuberculosis in the cervicothoracic,
at this level to make a lateral window
thoracic and thoracolumbar areas. Treat
exposing the dura. The eighth cervical
ment is discussed here in general terms
nerve is retracted downwards and the
and, in subsequent sections, the variations
window is enlarged upwards until the
of approach will be described according
foramen containing the seventh nerve root
to the level involved.
is reached. This is done with a small gouge
Paraplegia of late onset is of two kinds:
and mallet and by nibbling away the bone
In the first, the lesion is healed but a bony
piecemeal. The bone of the pedicle may be
gibbus is exerting pressure or traction on
much thickened and sclerotic. One or more
the cord, or the vascular supply of the cord
small abscesses may be encountered in it.
has become inadequate; in the second, the
Pus, debris, granulation tissue and sequestra
disease process has never become quiescent
are removed. A fine probe is passed in
or has reactivated. In this instance there
front of the dura along the limits of
may be much new bone around the new
the lateral window to detect the cord.
lesion, and there may be little or no clinical
Sequestra, if present, are removed. A spur
or radiological evidence of reactivation. In
of bone, contiguous with the vertebral
such cases it is essential to make a lateral
body, is removed by drilling three or four
window at the level of the intervertebral
transverse holes along its base and dividing
foramina.
the base with an osteotome. The spur can
A pproach.—The patient is lying face- be removed in this way with the least risk
downwards. A J-shaped incision is made of damage to the cord.
similar to that previously described, but
Bone Grafting.—In late-onset paraplegia,
started two inches higher up the root of
marked
fibrosis and new bone formation
the neck. The superficial muscles are
divided and the scapula is retracted later usually produce a stable spine. If the
ally. Portions of the first three ribs are patient’s condition permits and if the spine
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is not stable, bone grafting can be done by
inserting two inlay rib grafts and iliac
cancellous chips as described above. The
wound is closed in layers. If the pleura
has been opened inadvertently it is essential
both to suture it with care and to insert two
catheters above the diaphragm with an
underwater seal ( vide supra).
Comment.—In the present series this
operation has only been necessary on one
occasion.
The operation is one of great difficulty.
The orthopedic surgeon should seek the
help of a thoracic surgeon in removing the
ribs and exposing the spine.
A fair degree of recovery may be ex
pected in all regions of the spine if an
abscess is encountered. Paralysis due to
pressure by a bony spur is less likely to
recover; that due to vascular thrombosis
must be regarded as irreversible. Un
fortunately the latter cause can only be
diagnosed by exploration, which is under
taken when no recovery occurs.
T he T h oracic S pin e

1. Treatment of an Active or Partly
H ealed Lesion
Approach (Fig. 4 ).— This is by thorac
otomy, as described by Hodgson and
Stock."’ 10 The lesion is approached across
the pleural cavity after removal of the
whole length of one rib. A horizontal line
is drawn from the gibbus or the central
point of the lesion to the mid-axillary line.
The rib underlying this point is exposed
and excised. For removal of the third,
fourth or fifth rib, a J-shaped incision is
made, as described above, and the scapula
is retracted. A slightly curved incision
passing around the inferior angle of the
scapula allows sufficient retraction of this
bone for the sixth rib to be exposed. The
seventh, eighth and ninth ribs are exposed
through a straight incision.
The operative field is infiltrated with the
hemostatic solution in the usual way. The
rib is exposed, freed and removed. The
deep layer of periosteum and parietal
pleura are incised. The pleural cavity is
opened. Adhesions between the pleura and
lung are divided between hemostats or
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separated with a gauze swab. The lung is
retracted forwards to expose the aorta and
the spinal column behind. Frequently a
bulging paravertebral abscess is seen.
The L esion — Three or four millilitres of
hemostatic fluid are injected deep to the
pleura over the lesion. This fluid elevates
the pleura from the underlying fibrous
abscess wall and enables a clean incision,
which is easily sutured, to be made. The
incision is made longitudinally for two or
three inches and the pleura “undermined”
to facilitate repair. Care should be taken
at this stage to avoid cutting too deeply
and dividing the intercostal vessels inad
vertently.
In most instances it is necessary at this
stage to expose, ligate and divide two sets
of intercostal vessels. In stabilizing the
spine in cases of fracture-dislocation it is
possible, without further dissection, to
proceed to spinal fusion. In the treatment
of an inflammatory lesion, the abscess wall
is opened cautiously with careful use of
knife, diathermy and blunt dissection. The
intercostal vessels run in it and, as de
scribed above, two sets of these vessels
must usually be exposed and ligated or
coagulated in order to obtain adequate
exposure. Pus, which escapes during this
procedure, is removed by suction and kept
for direct microscopic examination, culture
and guinea-pig innoculation. Portions of
the abscess wall should also be excised for
histological investigation. The cavity which
is thus entered varies in size relative to its
wall but may extend deeply into the
vertebral bodies, above and below into
neighbouring disc spaces, backwards into
the spinal canal and through or around
the front of the spinal column to the con
tralateral paravertebral tissues. It may con
tain pus, granulation tissue, bone, cartil
age and nuclear debris, as well as true
sequestra. In cases of paraplegia it is
necessary to expose the dura, as described
above.
Neoplasms of the vertebral body are
removed in the usual way. When a
neoplasm has grown backwards and is
causing paraplegia by pressure on the cord
it is, of course, necessary to expose the
dura.
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Bone Grafting.—All diseased tissue is
removed so that the walls of the cavity
consist of smoothly-rounded raw bleeding
bone. It should have no pockets or rami
fications. Two inlay rib grafts are sprung
into grooves cut as described for fusion
of the cervicothoracic junction. These are
supplemented by cancellous iliac grafts
packed tightly in front of them. The pleura
is closed over the spine. The wound is
closed in layers as previously described,
two catheters being inserted into the pleural
cavity and attached to an underwater seal.
The after-treatment is that described in
the previous section.
Com m ent.—The complications of collapse
of the lung and hemothorax are best
avoided by inserting two catheters into
the pleural cavity with an underwater seal.
The patient should be instructed in breath
ing exercises before the operation and these
must be encouraged postoperatively. Even
when there are no signs of hemorrhage
after suturing the pleura over the spine,
it is essential to drain the pleural cavity.
On occasion, when pre-existing pulmo
nary disease is present, following removal
of the rib the lung is firmly adherent to
the parietal pleura. It is not possible to
open the pleural cavity because it is
largely obliterated. In such cases the
parietal pleura is stripped from the thoracic
wall until the vertebral bodies are reached.
At this point it may be necessary to divide
dense adhesions around the lesion with
scissors. In this way the lesion is approached
extrapleurally.
On one occasion, the only death follow
ing thoracotomy, the paravertebral abscess
communicated with a tuberculous abscess
in the left lung. The patient died one week
later from a bronchopleural fistula. The
orthopedic surgeon should have enlisted
the assistance of a thoracic surgeon to per
form a pneumonectomy immediately. Fol
lowing this disaster, much greater care has
been taken in assessing the condition of the
lung before operation and in separating
adhesions between the lung and the spine
at the level of the lesion.
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2. Treatment of the Late-Onset Para
plegia Due to Tuberculosis or Scoliosis
The cause of this condition and the
rationale of treatment were discussed in
the section on the cervicothoracic junction.
In the thoracic spine a lateral window is
made at the level of the intercostal nerves
to expose the dura, through the approach
described by Capener3 and by Griffiths,
Seddon and Roaf.4
Approach (Fig. 5 ): Anterolateral de
compression.—The patient lies prone on the
table. A C-shaped incision approximately
10 inches long is made through the skin.
Normally this is made on the left side, but
it may be made on the right side if there
are indications that the greatest pressure
on the cord is on this side. When there is
scoliosis as well as kyphosis, the incision
should be on the side of the concavity of
the scoliosis.15 In this way the cause of the
compression can be removed with greater
ease. The trapezius is divided in the line
of the incision and retracted. The erector
spinae are freed and retracted to expose
the transverse processes. Three ribs and
their intercostal muscles are exposed by
retraction laterally. A three-inch length of
each of these ribs is removed in the usual
way. In doing this the ligaments anchoring
the neck and head of the rib to the vertebra
are divided with scissors. Each transverse
process is removed using nibbling forceps.
The three intercostal nerves are identified
and traced to the intervertebral foramina.
The nerves passing into the foramina indi
cate the level at which the spinal cord lies
in its bony canal. The intercostal vessels
are divided close to the spine. The inter
costal muscles are divided at the same site
and retracted laterally. At this point the
pleura comes into view. It is separated from
the spinal column by dissection and re
tracted laterally to expose the lateral and
anterolateral aspects of the vertebrae. The
pedicles at the site of the lesion between
three intercostal nerves are removed. In
long-standing disease these may be con
siderably thickened and the bone sclerotic.
This process is carried out with mallet and
gouge, and nibbling forceps. As soon as a
small window has been made to expose the
lateral part of the dura, Kerrison forceps
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are used to enlarge it. Three foramina are bony canal. Following removal of this,
enlarged to make one lateral window. recovery was rapid.
During this process one or more small
abscesses may be evacuated. Decompression
T h e T h o r a c o lu m b a r J u n c t io n
in cases of scoliosis with paraplegia is
1. In Active or Partly Healed Lesions
carried out in the same way. Here the
approach should be on the concave side
Approach (Fig. 6).—An incision is made
of the spine because the paralysis is prob over the whole length of the ninth rib on
ably due to pressure of bone on this side.15 the left side. This rib is removed and the
The Lesion.—A fine probe or Watson- pleura opened as described above. The
Cheyne dissector is passed in front of the lung is retracted. The diaphragm is re
spinal cord and one inch above and below tracted downwards. This structure is then
the lateral window to ensure that there is divided for one or two inches near to and
no unidentified cause of pressure on the parallel to the spinal column, care being
cord. Sequestra and fragments of disc, if taken not to open the peritoneum. Further
present, are removed. On occasion an in- retraction of the diaphragm downwards at
traspinal abscess is evacuated. A bony spur this point brings the lesion into clear view.
pressing on the cord is removed as des
The Lesion.—This does not differ from
cribed above.
those described while considering the
Bone Grafting. — Frequently, in long thoracic spine. The procedures are the
standing disease, the spine is stable. If this same.
is in doubt and if the condition of the
Bone Grafting.—Rib inlay grafts are in
patient makes it possible, inlay rib grafts serted into grooves cut into healthy bone,
reinforced with cancellous iliac chips may above and below the lesion. These are
be inserted.
reinforced with iliac cancellous chips to
Comment.—This operation is time con promote osteogenesis. The diaphragm and
suming and difficult. In our hands the the pleura over the spine are sutured in
mortality was considerably higher than in the usual way and the wound is closed in
thoracotomy. For this reason it should be layers, two intrapleural catheters being
reserved for patients with late-onset para inserted with an underwater seal.
plegia in the presence of a healed lesion,
Comment.—The diaphragm is divided
or of reactivation with marked fibrosis and close to the spine, care being taken to
new bone formation. An extreme degree of keep away from the line of the aorta. If
kyphosis may also make this approach this muscle is divided piecemeal, the peri
necessary. In such cases, anterolateral toneum is soon exposed and can be pushed
decompression gives a better exposure than downwards without opening it. If opened
thoracotomy.
by mistake, it should be sutured at once.
If the pleura is opened inadvertently it
One patient presented with two ab
should be sutured immediately. At the end scesses, one above and the other below the
of the operation the pleura should be diaphragm. The first was evacuated after
drained by inserting two catheters with an opening the chest and the second, with
underwater seal. Failure to do this may ease, after dividing the diaphragm.
result in a hemothorax with collapse of the
It is essential to drain the pleural cavity
lung and respiratory embarrassment. In for 24 hours, even when hemostasis appears
one of our early cases, the patient died from to be complete.
this cause.
In cases of paraplegia it is not sufficient
2. Treatment of Late-Onset Paraplegia
to evacuate the abscess. It is essential to
('Tuberculosis and Scoliotic Paraplegia)
expose the dura. In one case, a young man
with complete paralysis, an abscess was
This is essentially the same as that de
evacuated. On exposure of the dura by scribed for the thoracic spine under the
lateral rachiotomy, a small sequestrum was heading—anterolateral decompression. The
identified, pressing on the cord within the central point of the C-shaped incision lies
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Fig. 2

THORACOTOMY
M ID -TH O R AC IC SPINE

Fig. 3

Fig. 4

Fig. 1.—Approach to the cervical spine for treat
ment of disc extrusion with root compression (after
Cloward).

Fig. 4.—Approach to the midtlioracic spine:
(top) the incision, (bottom) the lesion exposed.

Fig. 2.—Approach for cervical spinothalamic
tractotomy.

Fig. 5.—Anterolateral decompression: (top to
bottom) ( a ) the incision, ( b ) retraction of muscles
to expose three ribs, (c) removal of ribs and dis
section to expose three intercostal nerves, (d)
lateral window made to expose the dura.

Fig. 3.—Approach to the cervicothoracic region:
(top left) the incision, (top right) division of
muscles to retract the scapula, (bottom) the lesion
exposed.

Fig. 6.—Approach to the thoracolumbar junc
tion: (top) the incision, (bottom) the lesion exposed
after incision of the diaphragm.
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Fig. 5

AO R TA—

D IAP H R AG M

N IN T H R IB

THORACOTOMY
THORACO-LUM BAR SPINE

ANTERO-L.ATERAL DECOMPRESSION

PERITONEUM

LE S IO N

TH RIB
AN D BED

PSOAS
QUADRATUS

TH R IB
BCD

ANTERIOR APPROACH
LUMBAR 5PINE

Fig. 7
Fig. 7.—Approach to the lumbar spine: (top) the
incision, (bottom) the lesion exposed.

Fig. 8
Fig. 8.—Approach to the lower lumbar and
lumbosacral spine: surface anatomy and incision.
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over the central point of the lesion. If the
peritoneum is opened inadvertently, it is
sutured immediately.
T h e L u m b a r Spine

A pproach ( Fig. 7 ).—The vertebral bodies
are approached through a left oblique
abdominal incision similar to that used for
splanchnic or lumbar sympathectomy, as
described by Southwick and Robinson.11
The patient is placed on his right side on
a kidney bridge, the right hip and knee
flexed and the left extended. The incision
runs from the lateral border of quadratus
lumborum to the lateral border of rectus
abdominis. The level of the incision de
pends upon the vertebrae that are involved.
The first lumbar vertebra is best ap
proached through an incision over the
eleventh rib, the eleventh and twelfth ribs
being removed to allow upward retraction
of the thoracic cage; the exposure of the
second vertebra requires removal of the
twelfth rib. The oblique incision through
muscle is made just below the twelfth rib
in both cases. The third and fourth verte
brae are approached through a parallel
incision below the costal margin, which
passes through skin, fascia, both oblique
muscles and the transversus abdominis.
Care is taken not to open pleura or peri
toneum, but if the former is inadvertently
divided the pleural cavity must be drained
as described previously. The peritoneum is
identified and pushed forward by dissec
tion until the psoas is seen. Further retrac
tion exposes the bodies of the vertebrae.
Care is taken to identify and retract the
ureter. The sympathetic trunk is identified
in the groove between the psoas and the
vertebral column when the lesion is small
and circumscribed.
T he L esion .— When this operation is
done to fuse the spine in cases of osteo
arthritis, following exploration of a lumbar
disc, or for spondylolisthesis the fusion
can be done as described below. In patients
with osteomyelitis or tuberculosis, a psoas
abscess is often encountered. On occasion
this is as large as a normal kidney and it
may present as soon as the surgeon begins
to push the peritoneum forwards. The
surface of an abscess is stippled. It is
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adherent to the psoas. The mass is fluctuant.
Aspiration with a wide-bore needle or
through a small incision yields pus. The
abscess is opened widely and the pus
evacuated. Usually there is a communica
tion with the vertebral body lesion at the
base of the abscess cavity. This communica
tion is enlarged, care being taken to keep
well away from the line of the aorta.
During this procedure it is necessary to
ligate or coagulate one or two lumbar
arteries and veins. The psoas is retracted
laterally from the vertebral bodies by
careful dissection. Pus, granulation tissue,
debris, sloughs, sequestra and loose carti
laginous disc fragments are removed to
expose healthy bone above and below the
lesion. On occasion a large, thick-walled
abscess is identified. When this has been
opened and all the pus evacuated the
surgeon may find that there is no com
munication with the spine. Stress to the
spinal column shows that this is stable.
The lesion is healed. In such cases nothing
is needed except evacuation of the abscess
and closure of the wound. Careful palpa
tion when the patient is first seen usually
indicates the presence of such an abscess.
The presence of a swelling on the right
side is a clear indication that the explora
tory incision should be made on this side
rather than on the left. In other cases, a
soft lesion in bone may exist without a
paravertebral abscess. This is dealt with in
the usual way. Rarely a Brodie’s abscess
is found in the bone. This is exposed by
removing one side of the bony wall with
mallet and gouge. Estimation of the condi
tion of the lesion by roentgenograms taken
before operation is sometimes misleading.
On exposure of the spine, the surgeon may
find that the lesion has healed by fibrosis.
If the spine is stable nothing more need be
done. Occasionally the common iliac vessels
are bound to the vertebral bodies by dense
fibrous tissue. In this instance, because of
the danger of rupturing these vessels, it is
unwise to proceed further.
A neoplasm is removed in the usual way.
In operating for an aneurysmal bone cyst,
a thin-walled cyst may be encountered
lying over the psoas. This is incised and the
blood clot evacuated. The communication
with a vertebral body will then be appar-
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ent. The body is curetted. If deemed
advisable, the spine may then be fused.
Bone Grafting.— Slots or grooves are
made in healthy vertebral body, above and
below the lesion, after thorough rawing
of the opposing surfaces. A short incision
is made over the iliac crest. A single
massive graft is cut and sprung into the
grooves prepared for it. This is reinforced
with iliac cancellous chips. The wound is
closed in layers, a small corrugated rubber
drain is inserted down to the spine. This
is removed after 24 hours.
Comment.— In this series we have not
encountered paraplegia due to a lesion in
the lumbar spine.
Care must be taken to avoid injury to
the aorta and ureter on the left side, and
to the vena cava and ureter on the right.
If the peritoneum is inadvertently opened,
it should be sutured at once.
If the pleura is opened it is vital to
suture this at once and to drain the chest
for 24 hours in the usual way.
The presence of dense adhesions between
the common iliac vessels and bone is a
firm contraindication to further attempts to
expose the lower lumbar vertebral bodies.
T he A nterior A pproach for F usion of
L4-5 V ertebrae and L5-S1 V ertebrae

With the patient in the supine position,
the abdomen can be explored through a
vertical or a transverse incision. The plane
joining the anterior superior iliac spines
crosses the body of the fifth lumbar verte
bra. The umbilicus usually lies over the
space between the third and fourth lumbar
vertebrae (Fig. 8).
A left paramedian incision, extending
about two inches above the umbilicus,
gives a good exposure for the L4-5 disc
space (Fig. 9 ). The peritoneum on the
lateral aspect of the sigmoid and descend
ing colon is incised and a plane of cleavage
is found between the mesentery of the
colon and the posterior abdominal wall.
With the colon and its mesentery brought
forward to the midline position, the ureter
and sympathetic chain are visualized on
the posterior abdominal wall. The ab
dominal aorta bifurcates on the left side of
the fourth lumbar vertebra. It can be gently
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retracted medially and held by retractors
or by Steinmann pins, being careful to
avoid kinking or occlusion of the vessel
(Fig. 10). The correct level can be con
firmed, if desired, by a radiograph, using a
Steinmann pin as a marker. A flap is cut in
the anterior longitudinal ligament and
about I cm. of the underlying exposed an
nulus is excised. The intervertebral disc is
removed as completely as possible with
curette and rongeur. The cartilaginous plate
on the vertebral body, above and below, is
removed with a sharp osteotome to expose
bleeding bone. The distance between the
adjacent vertebral bodies is now measured,
and a block of bone is taken from the left
ilium so that it can be gently tapped into
the space between the vertebral bodies.
The donor bone from the left ilium can be
obtained through a separate incision, or
by reflecting the skin and fat over the
sheath of the rectus and external oblique
muscles to reach the iliac crest. The block
of bone should have cortex on two, and
preferably three, sides and it is measured
so that it accurately fills the defect between
the adjacent vertebrae. Cancellous bone
chips are packed on either side o f the
graft to fill the disc space. The anterior
longitudinal ligament is resutured into
place.
The approach to the L5-S1 space is
simpler (Fig. 11). The space can usually
be palpated below the bifurcation o f the
aorta without need for reflection o f the
colon. A vertical incision is made in the
peritoneum over the space and carried
down to the anterior longitudinal ligament
overlying the disc space. In this plane of
cleavage the opening is enlarged avoiding
damage to the presacral plexus. The in
ferior vena cava is formed by the junction
of the common iliac veins on the right side
of the body of the fifth lumbar vertebra.
The veins can be retracted upward, being
careful to avoid kinking or occlusion. The
small veins lying around the vertebra at
this point are difficult to tie but can be
controlled easily with cautery. The disc
space at L5-S1 is more difficult to visualize
than the L4-5 space, with the patient lying
in the supine position. Due to the natural
curvature of the vertebral column, it does
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Fig. 9.—Approach to the lower lumbar and
lumbosacral spine: the incision in the mesocolon.
Fig. 10.—Approach to the lower lumbar spine:
exposure of the aorta and the vertebral bodies.
Fig. 11.—Exposure of the lumbosacral spine.

not lie in a vertical plane but extends in
a cephalad direction in the depth of the
space, making exposure of the lower border
of the fifth vertebra more difficult. Once
the exposure has been completed, interbody
fusion is carried out as already described.
D is c u s s io n

Experience gained in a direct approach
to the vertebral bodies in over 200 patients
has made it clear that this type of surgery
is safe. The five deaths in this series
occurred in conditions where the patient
was a poor risk but where surgery was
essential. One patient died from a bron
chopleural fistula following thoracotomy:
the paraspinal abscess had communicated
with an abscess in the lung. Four patients

:
^
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died following anterolateral decompression:
all these had paraplegia; one died from
shock, one from a hemothorax, one from
spread of the disease, and one from irrever
sible paraplegia. Once the necessary tech
niques have been mastered, these operations
are relatively easy to perform. It should be
noted, however, that anterolateral decom
pression is a time-consuming and difficult
operation but, on occasion, there is no
other approach that enables the surgeon to
deal satisfactorily with the problem.
The advantages of a direct anterior
approach to evacuate an inflammatory
lesion involving the vertebral bodies, to
treat paraplegia of early onset, or to remove
neoplasms are sufficiently clear that little
more need be said about them. The opera
tion of anterolateral decompression, though
difficult, has been shown by a number of
surgeons to be the most satisfactory method
of treating tuberculous paraplegia of late
onset and paraplegia due to scoliosis.
We are convinced that the operations
here described frequently produce the best
results when the aim is to procure fusion
of the spine. Fusion of one body to the next
is more secure than posterior fusion. It is
much less likely that pseudoarthrosis will
occur. Massive grafts of rib or iliac crest
to produce adequate immobilization are
reinforced by cancellous chip grafts to
stimulate osteogenesis.16 If some collapse or
slight increase in the deformity takes place
following operation, this tends to wedge
the grafts more firmly in the slots in which
they have been placed.
Much has already been written about
the advantages of an anterior approach to
the vertebral bodies. To the best of our
knowledge, no comprehensive description
of these operations has yet been published,
with diagrams that are sufficiently clear to
assist the neurosurgeon, orthopedic surgeon
or general surgeon, who is unfamiliar with
the various approaches concerned. Through
out this paper it has been our chief aim to
provide such a comprehensive description,
dealing with the approach in every region
of the spine. These approaches have been
illustrated with black and white, and colour
diagrams that are clear enough for all to
follow.
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R esum e
La voie d’abord aux corps vertebraux dans les
divers segments du rachis a ete proposee par
Girdlestone en 1940. Le present article passe en
revue les diverses etapes de la mise au point de
cette technique jusqu’en 1965. Les indications de
cette voie, presentees dans cet article, se basent
sur environ 200 malades operes a Edmonton,
Alberta et a Nairobi, au Kenya. On y trouve
decrites les techniques operatoires employees dans

Vol. 9

l’abord anterieur des segments suivants du rachis:
cervical, cervico-dorsal, medio-dorsal, dorso-lombaire, dorsal (pour le traitement de la paraplegie
a debut tardif), lombaire, lombaire inferieur et
lombosacre. La technique d’abord de chaque
segment est illustree par des diagrammes. On y
expose brievement certaines des difficultes rencontrees dans ce type d’intervention et les avantages que presente un abord anterieur direct sur
les precedentes voies d’abord aux elements anterieurs du rachis.

KIDNEY TRANSPLANTATION IN THE DOG:
SURGICAL TECHNIQUE®
D AVID L. COLLINS, M.D., F.R.C.S.[C]t and
RALPH M. CHRISTENSEN, M.D., F.R.C.S.[C],t Vancouver, B.C.

B efore undertaking human kidney trans
plantation, extensive experience with the
procedure in experimental animals is essen
tial. A surgeon attempting the operation in
dogs soon learns two things: (1 ) It is even
more difficult than in human subjects. (2 )
No completely adequate description of
the surgical technique is to be found in the
English literature.
The present communication describes a
technique that has proved satisfactory in
60 canine renal homotransplants at the
University of British Columbia.
G en er al P l a n of E x perim e n ts

Autotransplants.— Many surgeons de
velop their anastomotic techniques by re-

®From the Department of Surgery, University of
British Columbia, Vancouver 9, B.C.
fFormerly Teaching Fellow, Department of Sur
gery, University of British Columbia. Present
address: 2850 Fourth Avenue, San Diego, Calif.
92103, U.S.A.
tClinical Instructor, Department of Surgery, Uni
versity of British Columbia.
Reprint requests to Dr. Christensen, Department of
Surgery, University of British Columbia, Vancou
ver 9, B.C.

moving a kidney, and replacing it at a
different site in the same animal. If such
an operation fails, technical rather than im
munologic factors are responsible. In order
to facilitate the evaluation of the results
of autotransplantation the opposite kidney
should be removed at the same time. This
is well tolerated, and enables the operator
to determine within a day or two whether
the transplant has been successful.
Unmodified allotransplants.— It is worth
while simply to transplant a kidney from
one dog to a nephrectomized recipient,
without any immunosuppressive therapy,
for a number of reasons: (a ) A base-line is
established with which to compare the
results in the modified series (vide infra).
( b ) Experience is gained in the clinical de
tection of the rejection response, (c ) Histo
logical material showing the rejection re
action is obtained.
Modified allotransplants.— These experi
ments will usually form the main part of a
renal transplantation project. If facilities
and personnel permit, some economy in
animals may be effected by trading kidneys
between two animals. Separate teams work
simultaneously on two dogs. The left kid
ney is removed from each animal and
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passed to the opposite team, and the right
kidney is removed and discarded. In this
way each animal acts as both a donor and
a recipient.
T echnique
Animal Selection
This is probably the single most import
ant factor in determining the success or
failure of the experiment. A great deal of
time and effort is wasted if, following trans
plantation, the animal dies because of
some unrelated disorder such as a worm in
festation or distemper, which could have
been prevented by proper preoperative
examination and preparation.
Breed— Labrador retrievers seem to be
the hardiest breed and they rarely succumb
to postoperative pneumonia. Both donor
and recipient should be of the same breed
in order to have as much genetic similarity
as possible. The use of litter-mates would
be even more desirable.
Sex.— The operation may be done
equally well on males and females. If
renal function tests involving bladder
catheterization are necessary, however,
females must be used.
Size.— The animals should be over 30 lb.
in weight so that the vessels and ureters
will be of adequate size for anastomosis.
Health.— The dogs should be active,
bright-eyed and glossy-coated. They should
be eating and drinking well, and have
normal stools and no vomiting.
Preoperative Preparation
The dogs should be brought to the
laboratory at least two weeks before the
operation and isolated from other animals
who may have communicable diseases.
Prophylactic medication.— Each animal
is given canine distemper-hepatitis vac
cine® 2 c.c. intramuscularly. Stool speci
mens are examined for worms and ova.
Each animal is given piperazine adipatef
50 mg./kg. which is effective mainly against
*Bi-cine; Stevens, Turner and Boyce, Box 220, 123
W oolwick Street, Guelph, Ont.
fEntocyl; British Drug Houses (Canada) Ltd.,
Montreal, Que.
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roundworms. If they are found to be
present from the results of the stool ex
amination, the following are also given:
drocarbil® 5 mg./kg. for tapeworms and
phthalofynef 250 m g./kg. intravenously for
whipworms.
Diet.— The dogs are fed dry kennel
m ealj until 5 p.m. the day before opera
tion. They are allowed to drink water ad
lib. at all times.
Preoperative sedation.— Morphine
15
mg. and atropine 0.4 mg. are given sub
cutaneously one hour before operation.
Anesthesia and Fluid Therapy
Anesthesia is induced with pentobarbital
sodium§ 25 mg./kg. intravenously. An
endotracheal tube is passed and respiration
supported with a ventilator!1 set at 18-20
respirations/min. with a pressure of 18-20
cm. of water and a flow of 8-10 l./m in . of
oxygen-air mixture.
An intravenous infusion is kept running
in the dorsal vein of a foreleg, starting with
250 ml. of 5 % dextrose in water ( D / W ) .
As the dissection progresses each dog is
given 500 ml. of dog whole blood, pre
served in A-C-D solution in sterile con
tainers. |j There seems to be little doubt that
this transfusion is important. There is
always a moderate to severe loss o f blood
in this operation especially when the clamps
are removed from the iliac vessels. If this
blood loss is not replaced, or replaced only
with plasma expanders, renal function b e
comes inadequate and the mortality is in
creased.
In some cases, mannitol, 500 c.c. of 20%
solution®* has been given. There is no
doubt that mannitol causes an early and
vigorous diuresis from the transplanted kid0Nominal; Winthrop Division of Veterinary M edi
cine, Aurora, Ont.
fW hipcide; Pitman-Moore Co., Indianapolis, Ind.
tPurina dog meal; Ralston Purina Co., St. Louis,
Mo.
§ Nembutal veterinary solution; Abbott Labora
tories, Montreal, Que.
UBird Mark 7 residual breather; Bird Corporation,
Palm Springs, Calif.
UNon-vac A-C-D solution; Abbott Laboratories,
Montreal, Que.
“ “ Osmitral 20% in water; Baxter Laboratories o f
Canada, Alliston, Ont.
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Adventitia
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Peritoneal!
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reflected *
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Iliac vein clamped
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Four double armed
sutures placed.

"7 Renal vein
anastom osed to iliac vein

Renal artery
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F to iliac artery.

Kidney
reflected
medially.

Fig. 1.—Canine renal transplantation. Nephrectomy and vascular anastomoses.
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neys, but no evidence has yet been pro
duced to show that it brings about any
eventual improvement in renal function or
mortality. In some cases mannitol seemed to
produce a bleeding tendency and for this
reason we have discontinued its use. It is
possible that a smaller infusion could be
given without causing a bleeding tendency.
Operative Technique
Skin preparation and draping.—The ab
domen is shaved with electric clippers and
prepared with tincture of benzalkonium
chloride.® Drapes are applied with towel
clips so as to exclude the genitalia in males.
Incision (Fig. 1).—A midline incision is
made extending from the mid-epigastrium
to the symphysis. In male dogs it is curved
to the right around the genitalia.
Preparation of transplant b e d — The
transplant is usually taken from the donor’s
left side and put in the recipient’s right
iliac fossa. This is not essential, however;
either kidney may be put in either iliac
fossa.
The preparation is begun by making an
incision in the peritoneum over the iliac
vessels, and a flap dissected laterally, be
hind which the transplant will be placed.
The artery to be used is freed up and
encircled with a No. 1 silk ligature. Three
different arterial connections have been
used: (a) Common iliac artery end-to-end:
This is the easiest and most satisfactory. No
ill effects are produced in the animal’s leg.
(b ) Common iliac artery side-to-end: This
duplicates a technique that is sometimes
used in humans, but we did not use this
procedure extensively in the present series.
We have the impression that the renal ar
tery pressure and blood flow are not always
adequate after this type of anastomosis, (c )
Caudal artery end-to-end: The dog does not
have an internal iliac artery of adequate
size—the caudal artery having taken over
its function. The caudal artery is short and
difficult to deal with, but its use closely
resembles the technique used in humans
and makes an interesting surgical exercise.
The common iliac vein is dissected free
from the origin of the vena cava down to
*1% tincture of Zephiran; Winthrop Laboratories,
Aurora, Ont.
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the confluence of the internal and external
iliac veins, and encircled with a loose liga
ture of No. 1 silk. This vein may be
transected and anastomosed end-to-end
with no harm to the leg, or anastomosed
end-to-side. The latter is more difficult but
duplicates the human technique.
N ephrectom y.— (a) Kidney to be trans
planted: A technique must be used that
will preserve adequate length of the ves
sels, preserve the blood supply to the ureter
and avoid renal congestion.
The kidney is drawn forward and the
peritoneal attachments divided, leaving a
patch of peritoneum on the anterior surface
of the kidney. The renal vessels are isolated
and cleared of connective tissue at their
junction with aorta and vena cava. If a
double renal artery is found, the kidney is
discarded. It is important not to clear all
the fat from the hilum of the kidney be
cause this contains small blood vessels that
run from the renal vessels to the ureter.
The ureter is ligated at the pelvic brim
and divided above the ligature leaving the
upper end open. It is then freed upward
towards the kidney, leaving some fat and
connective tissue on the ureter. The re
maining attachments of the kidney are
divided so that the renal artery and vein
are the only structures left. The kidney may
be left in this state until the other team
is ready to receive it. When they are ready,
the renal artery is ligated flush with the
aorta, the time noted, and the artery di
vided, leaving the renal end open to avoid
congestion. The renal vein is then divided
in the same way, leaving the renal end
open. The kidney is then passed to the
other team.
(b) Kidney to be discarded: The tech
nique need not be so precise for this kidney
—the vessels and ureter are simply ligated
at a convenient site and the kidney re
moved.
Preparation of kidney for transplantation.
— (a) Perfusion: Although the kidney could
be transplanted immediately, perfusion
with cold solution probably prolongs the
“safe period” during which a leisurely and
precise anastomosis may be carried out.

312

THE CANADIAN JOURNAL OF SURGERY

The solution used consists of 250 ml. of
Ringer’s lactate® to which has been added
10 mg. of heparin sodium f as an anticoagu
lant, and 10 mg. of procaine* to minimize
vascular spasm. This solution is placed in
the freezing compartment of a refrigerator
one to two hours before use, until a lump
of ice forms in it.
For the perfusion, the renal artery is cannulated with a tapered polyvinyl artificial
kidney cannulal: which is secured with a
ligature of 4-0 silk near the end of the
artery. The cannula is attached to the solu
tion bottle by a sterile intravenous tubing
set, and the bottle raised to a height of
three metres above the kidney. The perfus
ate is allowed to run in by gravity. Addi
tional cooling is obtained by placing the
kidney in a cannister of sterile iced saline.
The solution usually runs through in 10
minutes, and cools the kidney to 5° to 8° C.
It is possible that more cooling could be
obtained by using a larger volume of per
fusate and a pressure infusion technique.
After the perfusate has run through, the
arterial cannula is removed. The end of
the artery is then cut off proximal to the
place where it was constricted by the lig
ature, and excess adventitia trimmed. The
renal vein is similarly cleared of adven
titia.
C hoice o f suture m aterial for vascular
anastomosis.—6-0 silk,§ 5-0 linear poly
ethylene^ and 6-0 Dacron impregnated
with Teflon jj have all been used with good
results. The choice is a matter of individual
preference.

“Abbott Laboratories, Montreal, Que.
tBritish Drug Houses (Canada) Ltd., Montreal,
Que.
iPlexitron U510 tapered catheter; Travenol
Laboratories Inc., Morton Grove, 111.
§Silicone-treated black braided silk, 6-0, 18 in.
long, % circle taper TE-1 needle, No. 11151-13;
Davis and Geek, Division of American Cyanamid
Co., Doubary, Conn.
^Polyethylene 5-0, 30 in. long, two % circle taper
TE-1 needles, No. 12752-21; Davis and Geek,
Division Of American Cyanamid Co., Doubary,
Conn.
||Deknatel yellow braided Tevdek, cardiovascular,
type B, 18 in. long two % circle K needles, No.
79-793; J. A. Deknatel Co., Queen’s Village 29,
N.Y.
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The suture should be double-armed with
a small tapered % circle vascular needle.
Venous anastomosis.—This is the most
difficult part of the entire procedure, due
to the very thin filmy nature of the dog’s
veins.
(a) End-to-end: The common iliac vein
is tied distally just proximal to the internal
iliac branch, clamped with a De Bakey
bulldog or Potts clamp proximally, and
transected. The Carrel triangulation tech
nique is used because of the neat way in
which it keeps the back wall of the vein
out of the way. Three stay sutures are
passed through the iliac vein and the renal
vein and tied on the outside. A continuous
stitch is then placed between the stay su
tures, taking 1 mm. bites about 1 mm. apart,
and rotating the veins as needed with the
stay sutures.
(b) End-to-side: A portion of the common
iliac vein is isolated with a Potts spoon
clamp, and a longitudinal incision made in
it about 50% longer than the diameter of
the renal vein. Four double-armed stay
sutures are passed through the iliac vein,
one at each end of the incision and one on
each side. These sutures are then passed
through the renal vein at four equidistant
points, avoiding torsion of the renal vein,
and tied. The continuous suture is all done
from the outside, reflecting the kidney from
the iliac fossa towards the midline to do
the back wall.
Arterial anastomosis.—Although the ar
tery is one-third the diameter of the vein,
the anastomosis is much easier because of
the resilient nature of the vessel wall. The
technique is similar to that for the vein,
except that only two stay sutures are neces
sary for the end-to-end anastomosis.
After both anastomoses are complete, the
venous and the arterial clamps are re
moved. Hemostatic oxidized regenerated
cellulose* is useful if there is bleeding. Re
application of the clamps should be avoided
at all costs. Heparinization has not been
found necessary.
Ureteral anastomosis (Fig. 2 ).—The
bladder is opened in the midline anterior
ly. A 5-mm. vertical incision is made
“Surgicel; Johnson and Johnson, New Brunswick,
N.J.
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Bladder opened.

H.
Dissection of
submucosal tunnel.

Ureteral

Ureter slit,
catheterized
and sutured.
Stay sutu

K.
Completed transplant.

Fig. 2.—Canine renal transplantation. Ureteral anastomosis.

through the mucosa just lateral to the ure
teral orifice. Using a curved mosquito
clamp, a submucosal tunnel is dissected
upwards and laterally for 1.5 cm. The
curved clamp is directed backwards,
pushed through the bladder wall, spread,
and used to seize the ureter and ptdl it
through the tunnel to the inside of the blad

der. A single suture of 5-0 chromic gut® is
then passed through the lower end of the
mucosal incision in the bladder and the
back wall of the cut end of the ureter, and
“Chromic 5-0, 27 in. long, Yz circle taper T -16
needle No. 10582-23; Davis and Geek, Division
of American Cyanamid Co., Doubary, Conn.
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tied. Using fine scissors the anterior wall
of the ureter is split (“spatulated”) for a
distance of 1 cm. (Fig. 1), and a No. 5
French vinyl infant feeding tube" is in
serted. The remainder of the ureter is ana
stomosed using about six interrupted 5-0
chromic sutures through full thickness of
ureter and mucosa of bladder. It is most
important to obtain accurate mucosal ap
position, and leave no periureteral fat show
ing inside the bladder. This technique has
proved quite satisfactory and is not fol
lowed by reflux or stricture. The bladder
is carefully closed in two layers, using 5-0
chromic for the mucosa and 3-0 chromicf
for the muscle.
A bdom inal closure .— Because wound
healing is slow in the presence of renal
impairment, evisceration may occur. After
trying other techniques, the following
method has been adopted and found quite
adequate. The peritoneum, rectus muscle,
and fascia are closed as one layer using
large sutures of No. 1 silkj placed 2 cm.
apart, and tied just tightly enough to ap
proximate the tissue. The skin is closed
with 3-0 chromic gutf on a curved cutting
needle, placed as a continuous subcuticu
lar suture. Ordinary skin sutures tend to
cause irritation and infection, and are a
nuisance to take out.
Im m unosuppressive therapy — This is a
matter for individual judgment and will not
be described in detail. When needed the
following drugs have been used in this
series, with satisfactory suppression of re
jection: asathioprine,§ 4 m g./kg./day and
p r e d n is o n e ,10 mg./day, orally, supple
mented by actinomycin C,|| 6 g./kg./day,
intravenously (I.V .)

“ Argyle premature infant feeding tube; Celoe
Division of Brunswick Corp., St. Louis 3, Mo.
fM edium chromic 3-0, 36 in. long, % circle re
verse cutting CE-10 atraumatic needle No. 1056841; Davis and Geek, Division o f American Cyanamid Co., Doubary, Conn.
tSilk 1, 30 in. long, K circle taper T-12 needle, No.
11132-71; Davis and Geek, Division of American
Cyanamid Co., Doubary, Conn.
§Imuran; Burroughs Wellcome, P.O. Box 500,
Lachine, Que.
jfColesone; Charles E. Frosst, P.O. Box 247, Mont
real, Que.
IlSanamycin; FBA Pharmaceuticals Ltd., 5050 deSorel, Montreal 9, Que.
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D iet .— Nausea and vomiting are common
postoperatively, and the following routine
has been found helpful in controlling these
symptoms:
(a) Operative day—nothing by mouth
(NPO), 500 c.c. 5% D /W I.V., during op
eration.
(b) First postoperative day—NPO, 500
c.c. ]/3 saline, % 5% D /W I.V.
(c) Second postoperative day—milk and
water ad lib.
(d) Third postoperative day—milk and
water ad lib.
(e) Fourth and subsequent postoperative
days— gradual progression from dilute milk
and dog food mix to regular diet.
Laboratory tests .— Although the blood
urea nitrogen (BUN) is only a very rough
index of renal function, it is the mainstay
of the postoperative assessment of trans
plant success. If blood is withdrawn before
breakfast, the normal value in the dog is
below 20 m g.% . It rises early in the re
jection process to 50 mg.% or more. Body
temperature, leukocyte count, urinalysis,
and special examination of stained urinary
sediment for lymphocytes have not been
helpful in determining the fate of the trans
planted organ. Clearance tests involving
urine collection are impractical. The
routine, therefore, has been to take a daily
fasting blood specimen for BUN and Hb.,
correlating the information gained thereby
with observations of the animal’s clinical
state and approximate urine output.
Su m m a r y

A technique of kidney transplantation in
the dog has been described in detail. The
procedure was developed during the per
formance of 60 renal grafts in the Depart
ment of Surgery of the University of British
Columbia.
The authors hereby record their thanks to Drs.
Bruce Allardyce, Patrick J. Malony, Z. Perler and
Eric Butler for their help in the design and per
formance of these procedures; Miss Muriel Roycroft, R.N., Mr. Bill Beisbroek and Mr. G. W. M.
Holmes for their technical assistance. Our thanks
are also due to Mr. John Ployart of Davis and
Geek, Vancouver, and J. A. Deknatel Corp., N.Y.,
for supplies of suture material; Dr. J. M. Parker
of Frosst, Dr. W . R. Kober of FBA Pharmaceuticals
Ltd., and Dr. J. R. MacDougal of Burroughs W ell
come for supplies of drugs used in this project.
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In addition, the authors are most grateful to Miss
Marguerite Drummond for the illustrations in this
article and Miss Charlotte Haynes for her secre
tarial assistance.

R esume
Au cours de l’execution de 60 greffes renales
chez le chien, on a mis au point une technique
chirurgicale de la greffe renale, a l’Universite de
la Colombie Britannique. Les auteurs estiment que
les points suivants de la technique ont une grande
importance: (1 ) Selection de chiens parfaitement
sains ( retrievers du Labrador) et necessite de les
preparer a l’intervention au moyen de vermifuges.

HYPOGLYCAEMIA. Vincent Marks and F. Clif
ford Rose. 356 pp. Illust. Blackwell Scientific
Publications, Oxford; The Ryerson Press, Toron
to, 1965. $12.00.

Within the past five to 10 years advances in
intermediary metabolism and in methods of
hormone assay have markedly extended knowl
edge of the mechanisms regulating blood glu
cose. These developments have led to an
understanding of many of the physiological
aberrations leading to hypoglycemia and to
the introduction of a variety of new diagnos
tic procedures. It has been obvious for some
time that before this new information can
be used by the physician dealing with disturb
ances of carbohydrate metabolism, a careful
succinct summary of these recent developments
should be attempted. The authors of this vol
ume have filled this need admirably and, in so
doing, have produced for the physician a physi
ological guide to the diagnosis and management
bf the hypoglycemic states.
The book begins with a superb survey of
the hormonal and enzymatic regulation of
blood glucose. While the approach is simple,
no attempt is made to disguise the complex
ities involved; documentation is current and
meticulous. This is the best brief discussion
this reviewer has seen of the inter-relationships
of insulin, growth hormone, glucagon, blood
glucose, plasma fatty acids, and glucose metab
olism in liver, muscle and adipose tissue. There
follows an exceptionally clear and concise
discussion of the pathogenesis, differential
diagnosis and management of such conditions
as insulinoma, reactive hypoglycemia, idio
pathic hypoglycemia of childhood, leucine
sensitivity, hepatogenous hypoglycemia, hypo
glycemia associated with non-pancreatic tu
mours and a variety of unusual abnormalities,
including fructose and galactose intolerance.
Useful diagnostic tests are described fully in
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( 2 ) Administration de 500 ml. de sang canin total
pendant Foperation. (3 ) Intervention simultanee
sur les deux chiens, en prooedant a une nephrectomie bilaterale sur chaque animal et en effectuant des echanges croises, rein par rein. C eci a pour
resultat d’epargner la vie de donneurs. (4 ) Les
anastomoses bout-a-bout de l’iliaque a la renale
sont bien tolerees dans Fartere et ont meme ete
employees dans la veine en certains cas, parce
qu’elles sont plus faciles a effectuer, assurent une
meilleure circulation et entravent la circulation des
membres inferieurs.
Les indications relatives au traitement postoperatoires suppressif de l’immunite sont brievernent exposees.

a separate section. While it is difficult to find
fault with such a generally excellent review,
one wonders about the usefulness of some new
terminology advocated; “neuroglycopenia” has
been coined to describe symptomatic hypo
glycemia, “stimulation hypoglycemia” is used
to denote the hypoglycemia that follows cer
tain stimuli, e.g. insulin and hypoglycemic
drugs, glucose in patients with gastroenteros
tomies, etc.
This book can be recommended to all who
study and practice medicine. It should be re
quired reading for physicians who specialize
in metabolic diseases and who do not have a
broad, current knowledge of carbohydrate bio
chemistry. While its value to investigators in
the area of carbohydrate metabolism is less
certain, the detailed bibliography may well be
of some use.
HISTORICAL
AND
EXPERIM ENTAL
AP
PROACHES TO MODERN RESUSCITATION.
John W . Pearson. 106 pp. Illust. Charles C
Thomas, Springfield, 111.; The Ryerson Press,
Toronto, 1965. $7.75.

This is an interesting and useful little mono
graph on an important and practical subject.
Its approach is attractive. First the history of
respiratory resuscitation is well reviewed (that
this is not a new subject is indicated by refer
ence to the Second Book of Kings). A series
of carefully thought-out and detailed experi
ments are described with their results. Then,
as a result of these experiments and as a result
of clinical experience, a useful protocol of
treatment is outlined, which is simple to un
derstand and appears to be effective. One of
the interesting features is that the author firm
ly supports the use of rather high doses of
adrenaline. This is a useful book for all hos
pital libraries and should be available to all
house staff.
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All communications concerning this Journal
should be marked “The Canadian Journal of
Surgery” and addressed to the Editor, C.M.A.
Publications, at C.M.A. House, 150 St. George
St., Toronto 5.
The Journal is published quarterly. Subscrip
tion is $10 per year ($5 per year for trainees
in surgery), and starts with the January issue
of each year. Single copies are $2.50 each, pay
able in advance. (It would be greatly appre
ciated if subscribers would please add bank
exchange to their cheques.)

INSTRUCTIO NS TO CONTRIBUTORS
Manuscripts
Manuscripts in duplicate of original articles,
case reports, and other contributions should
be forwarded with a covering letter re
questing consideration for publication in The
Canadian Journal of Surgery. Acceptance
is subject to the understanding that they
are submitted solely to this Journal, and
will not be reprinted without the consent
of the author and the publishers. Accept
ance or rejection of contributions will be
determined by the Editorial Board. As
space is available, a limited number of
case reports will be published. Articles
should be typed on one side only of un
ruled paper, double-spaced, and with wide
margins. The author should always retain a
carbon copy of material submitted. Every
article should contain a summary of the
contents. The Concise Oxford Dictionary
will be followed for spelling. Dorland’s Am
erican Medical Dictionary will be followed
for scientific terminology. The Editorial
Board reserves the right to make the usual
editorial changes in manuscripts, includ
ing such changes as are necessary to en
sure correctness of grammar and spelling,
clarification of obscurities or conformity
with the style of The Canadian Journal of
Surgery. In no case will major changes be
made without prior consultation with the
author. Authors will receive galley proofs
of articles before publication, and are asked
to confine alterations of such proofs to a
minimum.
Reprints
Reprints may be ordered on a form which
will be supplied with galley proofs. It is
important to order these before publication
of the article, otherwise an extra charge
for additional type-setting will be made.

References
References should be referred to by numer
als in the text. They should include in
order: the author’s name and initials in capi
tals; tide of the article; abbreviated journal
name; volume number, page number and
year. The abbreviations of journal names
should be those used by the National
Library of Medicine, Washington, D.C., as
published in Index Medicus. References to
books should include in order: author’s
name and initials; title of book; number of
edition (e.g., 2nd e d .); title of publishing
house; city of publication; year of publica
tion; page number if a specific reference.
Illustrations
A reasonable number of black-and-white
illustrations will be reproduced free with
the articles. Colour work can be published
only at the author’s expense. Photographs
should be glossy prints, unmounted and
untrimmed, preferably not larger than 10"
x 8". Prints of radiographs are required
and not the originals. The magnification of
photomicrographs must always be given.
Photographs must not be written on or
typed on. An identifying legend may be
attached to the back. Patients must not be
recognizable in illustrations, unless the
written consent of the subject for publica
tion has been obtained. Graphs and dia
grams should be drawn in India ink on
suitable white paper. Lettering should be
sufficiently large that after reduction to
fit the size of the Journal page it can still
be read. Legends to all illustrations should
be typed separately from the text and sub
mitted on a separate sheet of paper. Illustra
tions should not be rolled or folded.
Language
It should be clearly understood that con
tributors are at full liberty to submit
articles in either English or French, as they
please. Acceptance will be quite independ
ent of the language of submission. If the
contributor wishes, he may submit an in
formative summary of not more than 300
words in the language other than that in
which he has submitted the article. For
example, an article in English must carry
an English summary and may, if the author
wishes, carry a more detailed summary in
French.
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LE JOURNAL CANADIEN DE CHIRURGIE
Toute communication concernant le Journal
devra porter la mention “Le journal canadien de
chirurgie” et etre adressee a l’Editeur, Publica
tions de l’A.M.C., 150 St. George Street,
Toronto 5.
Le journal est public trimestriellement. Le
prix de 1’abonnement est de $10. par an ($5.
par an pour les medecins qui sont residents en
chirurgie) et commence avec le numero de
janvier de chaque annee. Un exemplaire isole
coute $2.50 et est payable d’avance. (Nous
serions reconnaissants aux souscripteurs de vouloir bien ajouter a leur cheque le montant des
frais bancaires eventuels).
INSTRUCTIONS A NOS
COLLABORATEURS
Manuscrits
Les manuscrits d’articles originaux, de rap
ports cliniques etc. seront envoyes en deux
exemplaires, accompagnes d une lettre deman
dant qu’on veuille bien considerer leur publica
tion dans L e journal canadien d e chirurgie. Ils
ne seront acceptes qu’a la condition qu’ils
n’aient ete soumis qu’a notre Journal et qu’ils
ne soient pas reimprimes sans le consentement
expres de l’editeur et l’auteur. L’acceptation
ou le refus des articles soumis releve du Conseil de la publication. Si la place est disponible,
un nombre limite d’histoires cliniques pourront
etre publies. Les articles seront dactylographies
sur un seul cote d’un papier non ligne, a double
espace et avec une large marge. L ’auteur devra
toujours conserver une copie au papier carbone
du texte soumis. Tout article devra etre accompagne d’un resume. L ’orthographe sera
celle adoptee par le dictionnaire Larousse.
Quant a la terminologie scientifique, elle sera
basee sur le Dictionnaire des termes techniques
de medecine ou tout autre ouvrage de refe
rence serieux. Le Conseil de la publication se
reserve le droit d’apporter au texte les changemen ts qu’il jugerait a propos pour assurer la
correction grammaticale et l’orthographe, pour
eliminer d’eventuelles obscurites ou pour rendre la presentation conforme au style du Jou r
nal canadien d e chirurgie. Aucun changement
important ne sera apporte au texte sans que
l’auteur ait ete prealablement consulte. Les
auteurs recevront avant la publication des
epreuves d’imprimerie de leur texte, auxquelles
ils sont pries d’apporter le minimum de correc
tions.
Tires-d-part
On pourra commander des tires-a-part sur
une formule qui est envoyee avec les epreuves.
II est important de les commander avant la
publication de l’article, sous peine de devoir
payer un supplement pour une nouvelle com
position.

Bibliographic
Les references bibliographiques seront indiquees par des numeros dans le corps du texte.
Elies comprendront dans l’ordre: le nom de
l’auteur et ses initiales, en majuscules, le titre
abrege du Journal, le numero du volume, le
numero de la page et l’annee. Les abreviations
admises pour les noms de revues sont celles qui
figurent dans I’lndex M edicus de la Bibliotheque Nationale de Medecine, Washington,
D.C. Les renvois aux livres comprendront
dans l’ordre: le nom de l’auteur, ses initiales,
le titre de l’ouvrage, le numero de 1’edition (p. ex. 2eme ed.), le nom de la
maison d’edition, la ville ou elle est situee et
l’annee de la publication; enfin, le numero de
la page s’il s’agit d’un renvoi precis.
Illustrations
Le journal accepte de publier gratuitement
un nombre raisonnable d’illustratinns en noir
et blanc. Les reproductions de cliches en couleurs seront publiees aux frais de l’auteur. Les
photographies seront imprimees sur papier brillant, ne seront ni montees ni calibrees et d’un
format maximum de 8" x 10". En ce qui conceme les radiographies, nous demandons des
copies et non pas Voriginal. On devra toujours
fournir un agrandissement de microphoto
graphies. II ne faut jamais ecrire ou dactylographier un texte quelconque sur les photo
graphies. Une legende les identifiant pourra
etre jointe au dos. Dans les illustrations montrant des malades, ceux-ci ne pourront etre
reconnus, a moins qu’ils n’en aient donne le
consentement ecrit prealablement a la publica
tion. Les graphiques et diagrammes seront dessines a l’encre de Chine sur un bon papier a
dessin blanc. Le lettrage devra etre ecrit en
caracteres assez grands pour que, apres reduc
tion proportionnelle au format du Journal, ils
soient encore lisibles. Les legendes devant
accompagner les illustrations seront dactylo
graphies sur une feuille independante du
texte. Les illustrations ne seront ni roulees ni
pliees.
Langue vehiculaire
II doit etre clairement etabli que les collaborateurs ont pleine liberte de soumettre leurs
articles en frangais ou en anglais, a leur choix.
L ’acceptation de l’article sera entierement inde
pendante de la langue choisie par 1’auteur. Si
le collaborateur le desire, il peut decrire le
contenu de l’article en un sommaire ne depassant pas 300 mots et dans une langue differente
de la langue choisie pour l’article lui-meme.
Par exemple, un article ecrit en frangais doit
comporter un resume en frangais et peut, si
l’auteur le desire, etre accompagne d’un som
maire plus detaille en anglais.
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BOOK R E V I E W S
(See also pages 236, 261, 265, 272, 279, 285, 293 and 315)
T H E BURN W OUND. Stanley E. Order and John
A. Moncrief. 72 pp. Illust. Charles C Thomas,
Springfield, 111.; The Ryerson Press, Toronto,
1965. $9.25.

This monograph presents the results of in
vestigations into the pathology and treatment
of burns or, as they prefer to call it with justice,
the burn wound. By arteriography, they dem
onstrated the effects on the dermal blood sup
ply of both second- and third-degree burns.
They studied the effects of sepsis with particu
lar emphasis on pseudomonas infection, in ex
perimental animals and in clinical burn-wound
sepsis. In treatment they discuss the pros and
cons of open and closed methods, and the use
of topical chemotherapy in the prevention of
pseudomonas infections.
This monograph will be of value to all who
are interested in the pathology and treatment
of burn injuries.

D EA TH IN T H E OPERATING ROOM. Antonia
Boba. 105 pp. Charles C Thomas, Springfield,
111.; The Ryerson Press, Toronto, 1965. $6.50.

This book has something constructive to offer
and is well worth reading. It is well written, in
a style that can be read almost like a novel.
In the first half of his textbook, Dr. Boba
outlines the necessity of clean-cut definitions
and exposes the limitations and the problems
involved in the statistical method. In the latter
part, he clarifies and discusses the operating
room deaths he has encountered and points up
the lessons that can be drawn from them.
For every anesthetist, this book contains
valuable information and guidance. For the
trainee, it is a must.

D IE AN G EBO REN EN FEPILBILD UN G EN DER
HAND UND IH R E OPERATIVE BEHANDLUN G . A. N. W itt, II. Cotta and M. Jiiger. 174
pp. Illust. Georg Thieme Verlag, Stuttgart, West
Germany; Intercontinental Medical Book Cor
poration, New York, 1966. DM 57 (approx.
$14.30 U.S.).

In the first chapter the normal development of
the human upper extremity is discussed. The
present theories on the etiology of various mal
formations are briefly outlined. An interesting
paragraph on the recent thalidomide catastro
phe is included. In the next part the various
hand malformations are classified, explained
and illustrated in many short case reports. In
the chapters on operative technique, the vari
ous techniques are outlined in detail. This
chapter again is well illustrated. It appears
that the authors are mainly reporting their

own experiences. The bibliography is exten
sive and includes many references in English.
The use of prostheses is not covered in this
book.
This monograph is too specialized for stu
dents but it can be recommended for practi
tioners who may have to diagnose and treat
congenital malformations in their practice.

FUNDAM ENTAL CONSIDERATIONS IN AN
ESTHESIA. 3rd ed. Charles L. Burstein. 223
pp. Illust. Charles C Thomas, Springfield, Ilk;
The Ryerson Press, Toronto, 1966. $10.25.

The publisher describes this book as a classic
text. Perhaps this explains why this third edi
tion contains so many references to the anes
thetic practices of 20 years ago, and employs
a style and is rich in errors of grammar and
construction that are seldom seen today.
The statements on page 156 that “the
arterial hypotension may drop to zero” and on
page 200 that “angina . . . and intractable
asthma may result favorably following stellate
ganglion block”, if taken literally, are precisely
opposite in meaning to that intended by the
author. On page 138, an example of uninten
tional humour is found in the statement that
“epinephrine would be fatal in ventricular
fibrillation”, while it is hard to draw any mean
ing from the statement on page 58 that “when
the head-down position is prolonged, the
cephalic congestion becomes predominantly
venous and thereby ineffective”. In addition
the author consistently uses two or three long
words where one short one would clarify his
meaning, and invents words like lateroduction
and mid-duction to replace the simpler terms
of adduction and abduction. Lastly, there are
numerous typographical errors which should
have been corrected at the proof stage.
If the reader can overcome all these ob
stacles, he will discover an extremely interest
ing review of the many experiments and ob
servations made by the author on the effects
of anesthetic agents and adjuvant drugs on
autonomic reflexes. These observations are the
true merit of this book, and remain valid in
the changed pattern of present-day anesthesia.
However, a number of omissions, notably in
the diagnosis and treatment of respiratory ob
struction, shock and cardiac arrest, and a
number of misconceptions (e.g. that succinylcholine produces neuromuscular block by
causing acetylcholine to persist at the end-plate
region) make it necessary that this book should
be assessed against a background of sound
knowledge of the basic sciences and anesthesia.
It can be recommended only for the senior
resident in anesthesia, and for the specialist
anesthetist.
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Penthrane: The obstetrical ether
methoxyflurane
r

r

This nonflammable, nonexplosive ether
has been called an anaesthetic of choice for
labor and delivery.
It produces intense analgesia. Onset of the
analgesia is rapid (2-4 minutes) and requires
but very light concentrations. This analgesicamnesic plane does not usually produce cir
culatory depression.
At the low doses employed, contractile
powers of the uterus remain unimpaired. De
livery is ordinarily achieved by the mother's
own resources. Effects on the newborn also
are minimal, as demonstrated by consistently
high Apgar scores.

Incidence of vomiting is quite low. Re
covery is smooth and easy. The mother can
readily be aroused, but otherwise tends to
doze quietly and comfortably. She has little
or no recall of the procedure.
Won’t you plan to use Penthrane soon,
and observe its advantages for yourself?

*Trademark Registered

F u ll inform ation is available on request

ABBOTT LABORATOBIES LIMITED

Precautions: Use only conservative doses of epineph
rine, barbiturates, narcotics, tubocurarine, and trim ethaphan cam phorsulfonate. Suspected liver disease may
rule out halogenated agents such as Penthrane;
however effect of Penthrane on liver function is no
greater than that of ether or cyclopropane. Guedel eye
signs do not apply. Blood pressure, respiratory depth,
and m uscular relaxation are of most value in estim at
ing depth of anaesthesia.
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GENERAL ANAESTHESIA. 2nd ed. Vols. 1 and
2. Frankis T. Evans and T. Cecil Gray. 1348
pp. Illust. Butterworth & Co. (Publishers) Ltd.,
London; Butterworth & Co. (Canada) Ltd.,
Toronto, 1965. $47.25 a set.

This two-volume textbook was written by
prominent, multiple (55) British authors. V ol
ume 1 deals in a comprehensive manner with
the basic principles of anesthesia, and covers
the history of the specialty, anatomy, physiolo
gy (including a detailed account o f neurologi
cal principles in anesthesia), biochemistry
(w ith good presentations o f the assessment of
acid-base states), pharmacology and physics.
Volum e 2 presents an extensive coverage of
the clinical practice of anesthesia. It describes
in full the anesthetic management o f surgical
procedures in all systems o f the body, including
the important features of pre-anesthetic assess
ment and preparation of the patient, and p o
tential postanesthetic complications, their pre
vention and management. There is good cov
erage of recent clinical advances and tech
niques in thoracic and cardiac surgery, cardio
respiratory pumps, hypothermia, and hyper
baric oxygen. There are tw o good sections on
pediatric anesthesia.
Regional block procedures (including spinal
and peridural analgesia) are not discussed,
nor is the pharmacology o f local anesthetic
agents.
The British approach to anesthesia is empha

V o l. 9

sized throughout. G ood “key” references are
given after each chapter. The two volumes are
well indexed.
This is an excellent reference book in gen
eral anesthesia. It will give the interested
surgeon first-class insight into the current
trends in general anesthesia. It will be most
useful to the medical student, the trainee in
anesthesia and the practising anesthetist. It
should be in every medical school library and,
particularly, in libraries of departments of an
esthesia.
LECTURES ON GLAUCOM A. Paul A. Chandler
and W. Morton Grant. 431 pp. Illust. Lea &
Febiger, Philadelphia; The Macmillan Company
of Canada Limited, Toronto, 1965. $13.75.

This book is a condensation of lectures on the
diagnosis and management o f glaucoma. It is
based on the authors’ personal experience but
references are given to the general literature
and they describe results of laboratory investi
gation to illustrate their points.
The first 100 pages are devoted to a descrip
tion o f the authors’ personal methods o f ex
amination. It is quite detailed and most instruc
tive. The authors stress the great importance
of accurate observation, both in assessment and
treatment of glaucoma. Their experience has
been broad; they have made many detailed
observations which they describe.

a
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The second section of the book is devoted
to glaucoma in adults. They describe primary
open-angle glaucoma, and then the types of
secondary glaucoma associated with open
angles. Next, they describe angle-closure glau
coma and types of secondary glaucoma asso
ciated with angle closure. Finally, they de
scribe other causes of glaucoma, which might
not come under these groups, such as glaucoma
due to essential atrophy of the iris, to extra
ocular venous congestion or to the administra
tion of corticosteroids. The authors obviously
draw from their personal experience in describ
ing each entity. The book, therefore, almost
takes the form of a bedside clinic in which
each detail of a case is enumerated and its
significance discussed.
As far as treatment is concerned the same
atmosphere prevails. The authors simply state
what they would do and what pitfalls they
have noted and the type of result they have
obtained. At the end of this section of the
book is an interesting chapter on differential
diagnosis of unilateral glaucoma which high
lights the diagnostic significance of a devel
oped disease occurring in one eye only.
The third section of the book is devoted to
diagnosis and treatment of glaucoma in child
hood. Again the authors present their material
as if they are taking part in a bedside clinic.
They give what they feel are the key diagnostic
points and the most effective form of treatment

without in any way trying to be comprehen
sive.
The final section of the book is a descrip
tion of the surgical procedures that they use.
This is quite a short section but the points
they make are practical and workable. There
is no attempt to describe the many surgical
procedures that have been used for glaucoma.
This is an excellent clinical treatise and
should be on the shelf of every ophthalmologist.
It is not a comprehensive text but it embodies
the accumulated experience of two outstanding
men. There is something worth while in the
book for both the student and for the experi
enced ophthalmologist. It is a pleasure to read
a book where the material is presented simply,
is understandable and of immediate practical
value.
LUMBAR DISC LESIONS. 3rd ed. J. R. Arm
strong. 307 pp. Illust. E. & S. Livingstone Ltd.,
Edinburgh and London; The Macmillan Com
pany of Canada Limited, Toronto, 1965. $11.75.

This monograph in its third edition since 1952
probably remains the most comprehensive and
authoritative work on the subject presently
available. The author’s approach is logical and
rational; he has no patience with the widely
prevalent ignorance of low back disorders that
is all too often evident among many physicians.
This edition has been enlarged by the addition
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of new material on the physiology and m ech
anics of the lumbar intervertebral discs, and
more extensive discussions of the clinical fea
tures, differential diagnosis and conservative
treatment of the lesions associated with thsm.
As is usual with iMessrs. Livingstone’s publi
cations, the production and illustration are
first class.
This is a book that all doctors who are
called on to diagnose and treat the causes of
low back pain will wish to have on their book
shelves.

Vol. 9

detailed clearly. General principles of defini
tive surgical treatment are given as a guide
for house-officers participating in the care of
seriously injured patients or for practitioners
forced by circumstances to deal with major
trauma. In all situations emphasis is placed on
methods that are safe and conservative— if
these do not yield perfect results, secondary
procedures by competent specialists should be
arranged. This book should be available in the
emergency department o f every hospital.
NEUROLOGICAL SURGERY OF TRAUMA.
Editor-in-Chief: Col. John Boyd Coates, Jr.,
Editor: Arnold M. Meirowsky. 604 pp. Must.
Office of the Surgeon General, Department of
the Army, Washington, D.C., 1985. $6.25.
Copies from: Superintendent of Documents,
Government Printing Office, Washington, D.C.,
20402.

THE M ANAGEM ENT OF FRACTURES AND
SOFT TISSUE INJURIES. 2nd ed. The Com
mittee on Trauma. American College of Sur
geons. Based on an outline of the treatment of
fractures, 8th ed., and early care of acute soft
tissue injuries, 3rd ed. 365 pp. Must. W . B.
Saunders Company, Philadelphia and London:
McAinsh & Co. Limited, Toronto, 1965. $8.10.

This book combines the eighth edition of the
publication “ Outline of the Treatment of Frac
tures” and the third edition of that on “Early
Care of Acute Soft Tissue Injuries”. It is a
handy compact reference book for students,
interns, surgical residents and practitioners. It
is brief, factual and arbitrary but does not pre
tend to be comprehensive. Primary assess
ment o f injured casualties, on-the-spot first-aid
measures, and initial hospital management are

This text is based on the experience o f the
authors in the field o f neurological surgery
during the Korean war. The basic principles
of management are sound and apply equally
well to civilian traumatic practice. The chap
ters devoted to the technical aspect of the
establishment and function of neurosurgical
units in the field are informative and of gen
eral interest. Even more impressive are the
improved mortality and morbidity rates due
to reduction of the interval between trauma
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and treatment made possible by these units.
The importance of early definitive treatment,
accurate records and teamwork is stressed and
substantiated by follow-up case histories.
The text systematically deals with injuries
to the cranium, spinal column and to the per
ipheral nerves. The management is clearly out
lined in a consecutive manner, with numerous
operative illustrations. The authors devote
only a small part of the text to mechanisms of
injury, which makes the book incomplete as
a standard trauma reference. Rehabilitation of
the neurologically impaired patient has rightly
been allotted full coverage, including an excel
lent chapter on physical and vocational re
habilitation.
The use of lumbar puncture as a diagnostic
tool in the assessment of acute head injuries
is discussed. This reviewer is opposed to this
practice. A lumbar puncture is valuable in
diagnosing complications such as meningitis
or communicating hydrocephalus but should
not be used as a routine in the management
of acute head injury, because of the limita
tions and dangers of this procedure.
This book is a useful addition to the librarv
of the postgraduate surgical trainee and of
the established general surgeon.
Without the government subsidy this vol
ume would cost at least three times the retail

Where steel
is indicated
use the
finest
available

price of U.S. $6.25. It is good value for the
money.
PRACTICAL MANAGEMENT O F SPINAL IN
JURIES FOR NURSES. Reginal Elson. 151
pp. Must. E. & S. Livingstone Ltd., Edinburgh
and London; The Macmillan Company of Can
ada Limited, Toronto, 1965. $3.75.

This is a simply written monograph that was
prepared for “nurses specializing in the care
of the patient with spinal injuries”. However,
as Sir Reginald Watson-Jones says in the fore
word, “It is more than welcome in the sound
advice it offers to nurses, house officers, surgi
cal registrars, and consultants in the manage
ment of traumatic paraplegia from spinal in
jury.”
After a brief and well-illustrated chapter on
the mechanics of vertebral fractures, the re
maining sections cover the nursing and practi
cal management of traumatic paraplegia in a
most practical and readily understood fashion.
The illustrations throughout are excellent.
Chapters on the prevention of spasm, the pre
vention of psychological distress, and the nurs
ing management of the whole patient indicate
the emphasis as well as the scope of the publi
cation. It should probably be on the library
shelf of every ward where paraplegics are
cared for.

Davis & Geek
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STAINLESS STEELSUTURES,STRONG
AS STEEL, WITH THE HAND OF SILK

• completely inert and
resistant to corrosion
• non-magnetic and free
from kinking
• highly resistant to fragmen
tation and work-hardening
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Books R eceived
Books are acknowledged as received, but
in some cases reviews will also be made
in later issues.

Vol. 0

Diagnostic Gynecologique. Pierre Meunier. 263
pp. Illust. Les Presses de L ’Universite de Mont
real, Montreal, 1966. $9.00.

Advances in Biomedical Computer Applications.
Various authors. Editor-in-Chief Edward M. Weyer. Vol. 128, Art. 3, pp. 721-1116. Illust. Annals
of the New York Academy of Sciences, New York,
1986. $8.00.

Die Angeborenen Fehlbildungen der Hand und
Ihre Operative Behandlung. A. N. Witt, H. Cotta
and M. Jiiger. 174 pp. Illust. Georg Thieme Verlag,
Stuttgart, West Germany; Intercontinental Medical
Book Corporation, New York, 1966. DM 57 (ap
prox. $14.30 U .S.).

Anesthesia for Open Heart Surgery. Edited by
Lillian E. Fredericks and Dryden P. Morse. 80
pp. Charles C Thomas, Springfield, 111.; The Ryerson Press, Toronto, 1966. $6.50.

Intravascular
and edited by
Illust. Charles
Ryerson Press,

Aspects of Venous Function in the Lower Limbs.
John Ludbrook. 137 pp. Illust. Charles C Thomas,
Springfield, 111.; The Ryerson Press, Toronto, 1966.
$ 8 .00 .
Atlas of Developmental Anatomy of the Face.
Bertram S. Kraus, Hironori Kitamura and Ralph
A. Latham. 378 pp. Illust. Hoeber Medical Divi
sion, Harper & Row, Publishers, Inc., New York
and London; American Medical Book Publishers,
New York, 1986. $20.00.
Compendium of Emergencies. 2nd ed. Edited
by H. Gardiner-Hill. 374 pp. Butterworth & Co.
(Publishers) Ltd., London; Butterworth & Co.
(Canada) Ltd., Toronto, 1965. $13.50.

Catheterization. 2nd ed. Compiled
Henry A. Zimmerman. 1292 po.
C Thomas, Springfield, 111.; The
Toronto, 1986. $47.50.

Practical Management of Spinal Injuries for
Nurses. Reginal Elson. 151 pp. Illust. E. & S.
Livingstone Ltd., Edinburgh and London; The
Macmillan Company of Canada Limited, Toronto,
1985. $3.75.
Primary Hepatoma. Edited by Walter J. Bur
dette, 150 pp. Illust. University of Utah Press, Salt
Lake City, Utah, 1965. $3.00.
Surgical Applications of Laser. Paul Edward
McGuff. 200 pp. Illust. Charles C Thomas, Springfield, 111.; The Ryerson Press, Toronto, 1986.
$12.50.

Davis & Geek
Surgical Gut

Where gut is
indicated use
the gut w ith
documented
absorption

" . . . NO STRONG HEAT-ETHYLENE
OXIDE STERILIZED SUTURES
REMAIN AT THE 150 DAY PERIOD
AND IN FACT, NONE REMAIN
AFTER THE 100 DAY PERIOD."
Hufnagel, Charles A., Zellos, S., and
Gillespie, J. F., Comparative Studies of the
Effect of Methods of Sterilization on the
Absorption of Chromic Catgut. Amer. J. Surg.
vol. 109, no. 4, pp. 424-426, April 1965

“ IT WAS NOTED THAT THERE WAS
NO GRANULOMA FORMATION
WITH THE HEAT-TREATED SUTURES.”
Gaskin, E. R„ and Childers, M. D. Jr., JAMA,
vol. 185 pp. 212-214 (July 20) 1963.
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